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A Rational Expectations Model 
of Agricultural Supply 


Zvi Eckstein 

Yale L'nwrntly find Irl Aviv L'unriMty 


This work suggests a dynamic linear rational expectations modeling 
stiategy foi using tune-series observations lo study die impact ol 
product prices on agiicultural production and kind allocation. The 
laimei’s decision consists of'specifying each penod the poition ol his 
land lo be devoted lo die growing of alternative c t ops. I he d\ narnic 
element in the farmer's problem comes from die let Imology. A qua- 
diatic production technology is used 1 lie I aimer's optimal land 
allocation decision rules aie derived as linear lunclions ol past land 
allocations, expectations of Inline product pines, and oilier exom 
nous variables; and (hey can be intcipreted as an optimal i rop ■ 
lion. Assuming rational expectations and die exogenous ol p' 
fot a small open economy, one obtains closed-form linear regie 
equations representing decision tulcs anti stochastic' pr<x<s 
These are then estimated and tested using maximum hhelil 
methods and aggregate data Itotn the Egyptian agncuhure 


I. Introduction 

l^ing annual data, economists have suggested different theoretical 
and empirical methods to evaluate farmers’ responses to changes in 
crop prices. The existence of persistent patterns of serial and tmss 
correlations between land allocations, production, and prices lias 
been observed and debated in die economic liiciautre lor many years. 


T his paprt is based on my 1981 Ph D dissertation at ■ lie 1'iinei sit\ ol Minnesota 1 
am ^raietul to Anne (), Kiueger, Dais It.mseu. 1 lionias Saigein, C.liiisiophei Sims. 
Vcmon Killian, R.io Aiyagan, Mailm Kichenbaum. Wallace IIiiflui.in. Dan IVIed. 
T N Si mivasan, ami Ken Wolpin for useltil coimm-iu.s on picsious drafts ot (Ins 
papei (.omment.s by the Ieleiees and editor ol this fomnal were most Iisriul 

[Jounutl of Pol it util f.tonntny, 1*184, \i»| <12, lio I] 

• bv I he rniversily of CliKdjo AH ugli's trsc-ived (Kf22-1H08/84‘«2ol-WMIJJOI >0 
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The fact that output selling price is not known when input decisions 
are made and the resulting need for f armers to make decisions based 
on expectations of future prices have been suggested as the main 
reasons for the cyclical movements of output. Early single-equation 
estimates, with current output as a function of only one past price, 
showed small linkage between prices and output. Later, Nerlove 
(195b, 1958) showed that the static supply equation, with the assump¬ 
tions of “partial adjustments” in actual output (land) and adaptive 
expectations of the output price, gave rise to a single distributed lag 
model that could explain much of the supply response to output price 
changes. Askari and (fu minings (1976) report more than 600 esti¬ 
mates of different versions of Nerlove's model for many crops and 
countnes. Muth (1961) critic ized Nerlove’s model in the light of his 
tational expectations model. 1 

In this study, an empirical model of agricultural supply is derived 
from a dynamic and stochastic framework where farmers are as¬ 
sumed to maximize the expected present value of piofit by choice ol 
land alloc attons subject to a dynamic and stochastic tec hnology as well 
as uncci tain pi ice movements/ 1 he analysis loc uses on the dynamic s 
of crop areas and then joint movement with ciop pi ites. In this con¬ 
text. it is straightforward to show that rational farmeis are unlikely to 
inletpret price fluctuations that are serially nncot related as signaling 
a permanent alteration in the incentives confronting them. Further¬ 
more. any permanent or tiansilory change m taxes, subsidies, oi 
tariffs affet ts the dynamic response of the cropped area, such that the 
sti uc turai foi in ol the land alloc ation equation varies ehiectly with 
policy iiiles. Consequently, predictions with respect to changes in 
policy requite complete identification of the structural parameters 
that govern the ptoditction and the price processes (Marschak 195.8; 
Lucas 1976). 

Understanding the 1 consequences of pi ice movements on agricul¬ 
tural piochution is ol particular impoitanee in less developed coun¬ 
tries. Therefore, the model is implemented using aggregate agricul¬ 
tural data fiom Egypt, 1915-69. The dynamic statistic al properties of 
the data were initially analyzed by the estimation of vector autoregres- 
sions (VAR) that included cotton and wheal cropped areas, yields, 
and puces. The results showed (I) that the percentage of forecast 

1 Sec- Belli man (191'iH) toi ,1 deluded discussion ol ilie issues , 1111 ! complete c minus 
work tlut follows the Neilosiun model Mote teceiitly, Nerlove (1 *170) miik.iIIv le 
slewed the 1 truchiionu) supply lesponse model in die liglil ol leient developments in 
e<uiiomu lime-seiics models e , Much (f'Mil); l.m .is (197(>), and Neilove, (aellic 1 
and ( .0 s.ilho (1979) In my dissei 1 . 1 I 1011 (K< kslein I9KI b) dieic is some 1 111 dni disc us 
sion of die snh|c*cl. 

‘ I Ins approac fi follows S.ngent (1979/1. I9H1) and is <onsisienl with Sc luili/'s (I97S 
p t) ciesv 011 tunnels' hehasior. 
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eiror pioducccl by a shock to pi ices accounted for I"i-fdl pom 
the total variance in land allocations and vidds. Hence, pi ice i 
nients have a significant effect on fanners' decisions. (2) A slu. 
any variable causes cotton and wheat areas to respond in oppc. 
ways and to fluctuate frequently as dies converge to their mean. 1 ig- 
ure 1 shows this result for an innovation m the cotton puce over the 
wheat price in a particular system.’ It is ot interest now to find out 
whether a rational expectations model that accounts for some tec lino- 
logical aspects of agricultural production can interpiet well the ptop- 
ertics of the Kgyptian data. 

I he remainder of the papei is organized as follows: In Section 11. I 
construct a model where the dynamics in the production process ate 

1 l he- methodology lor estimating anti inlet put mg VAR models vs,is developed In 
Sims (1‘JHO), who used tl to analyze mat met onoinu tpiestions I lloan and K I mu 
mans pat Wage ol Rcgiession Analysis ot lime Senes (KA 1 S). yusion I I. has lieen 
Used tor computations lice lesnlis tioni estimating scvci.il untcstuued \ ARs have 
preceded the lottmil.illon ol the models. I estimated seveial dilleienl V \Rs and the 
results mi ned mil almost die same Detailed mini niaiioii esisis m mv disseii.uion 
(Eckstein 1VIHI6). tigine l is taken litnn a svMnii ol eoiton anil vvlye.u aieas and vields 
and die lelative pine (cotton pine ovei wheat pure). 
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capable of producing a dynamic land allocation decision rule that 
exhibits the “cobweb phenomenon”—frequent fluctuations in crop 
areas, depicted by figure 1. In Section III, I present results from 
maximum likelihood estimation and tests of the model. Concluding 
temaiks are contained in the last section. 


II. A Dynamic Land Allocation Model 

In this section I analyze the stochastic dynamic optimization problem 
of a farmer endowed with land that can be allocated between two 
c rops (e.g., cotton and wheat). The model shows that if the cultivation 
of at least one crop (e.g., cotton) results in deterioration of land pro¬ 
ductivity, the optimization yields a dynamic land allocation process 
that can fie estimated using aggregate time-seiies data. 

I lie role of adjustment costs in affecting input decisions and output 
supply has been analyzed extensively in the economics literatme (e.g.. 
Lucas 1967; (ionic! 1968; Sargent 1979/;) and to some extent also in 
the agricultural economics literature (e.g., Neilove 1958, 1972; Ner- 
love et al. 1979) Adjustment costs in annual crop |>roduclion c oiild be 
justified when land prepaiation of a plot has crop-specific lequire- 
nients. When land is continuously cultivated, the issue ol substitution 
and to[ii|)lemeniarity effects in the production of alternative crops 
becomes mi|)oitant 1 he depletion of nitrogen from the- soil is an 
impoitant direct constiaint on the development of land feiiilitv and 
the production of all crops. Furthermore*, monoculture causes an 
accumulation of crop-specific insects and worms, which have an im- 
poi taut induce t ef fee t on the actual c rop yield fioin the land. I lencc, 
the cm lent pioductivity of land for a given crop depends on the 
ciopping history of a plot of land. 1 

To develop a simple model that contains these technological char¬ 
acteristics, consider the following definitions; 

X„ is the production ot crop i at time l\ 
l\, is the price that farmers receive for the ptoduction ol 
crop i at time l\ 


1 t.iop 1 oliinoii in die \scll-knovvn method Co picvenl die diced and dee indued 
dele!coianon m land prodiutisuv unde c loniiniioiis c nlcivaiion 1-ei cili/ei and pes- 
mutes .lie die main inpuls dial dnedlv tonliol land piodudivuy ti\ building up the 
lonlent ol die soil and eliinin.ilni)' inseds and woe ills hoi die impoilame ot (lop 
roiaiion and land teruluv deicnoiaiion m the fnited Stales, die leadei is icdeiied to 
Net love (I *.»■>«, pp 122-do) and die manv politic acinus on dus vuhjcci In die t S 
Depai inieni of Am loiltme In E^y Jil, die case smdv lieu , Hansen and Mai /onk (1 *H>.>) 
and Hansen and Nashashihi (I <17 a) emphasized die c me i.d cited ot mil ale depletion in 
(ollon production on die aileage allot alum of atl crops 
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A,i is the land allocated at time l — 1 for the production ol 
crop i at time t\ 

A is the total available cultivated land at time t\ 

0 < (1 < 1 is the objective discount factor; 

a„ is the shock to production of crop i at time /; 

E is the mathematical expectation operator, where F,(X) = 
/v(X|ft,) and ft, is the information set available for fann¬ 
ers at time /; and 

L is the lag operator defined by the propet ty l. k X, = A', *. 

Suppose that only crop 1 (cotton) is subject to dynamic constraints in 
production; therefore I can write 

X\, = h ^(A\ h u\,, A\, |, A i,_2» • ■ • I K, A ), (1) 

where F\ > 0, > 0, Fj 0 for all j 2* 3, F\ t =£ 0, K is a sector 
of other (fixed) inputs, anti A is the si/e of a given plot ol cultivated 
land. The negative sign of the derivative of the production of crop 1 
with respect to lagged allocations of land for the same c nip (/•',', / 3* 3) 
is due to the assumption of deterioration in productivity with resjxxl to 
an increase in the past intensity of use of the same plot with the same 
crop. 1 he production function of crop 2 (wheat) is given simply by 

X,., = F-(A.j„ K, A), <2) 

where F'i > 0, Fi > 0, and Fit =s 0 ’ The representative farmer is 
assumed to maximize his expected discounted profit in terms <>t '' 
price of crop 1 (cotton) by choosing a contingent v plan at i 
l for allocating his given area (d) for the time / + 1 ptoth. 
two crops. Hence, the farmet’s objective is to inaxinu/e 

,v 

/■; , lim v p'(.Y w + 

V - ’ , .() V '1' ' 

subject to the laud constraint 

/\i, + A-,, - A ( 1) 

and the production functions (1) and (2).” file optimization is sub|cct 
to the given levels oi A lr j < 0, the well-defined joint distribution of 


I Ik* p«u M.iI del ixdlivcol /•'(/ - 1.2) with i cs|kt l fo lilt* \ .11 ia I tie m i In* f i h posit u m 
in tin* ium (ion is h\. I Ik* asvmtueiiv lietween (oilon (I) and wheat (2) |m<mJ u< in>n 
(ethnology is motiyaled h) flu* Kgypiian case. wheie cotton piodmmin is simhK 
affected by past cultivation patterns but wheat production is not 

(> I he* (hone of the pmo in the numeiator affects the solution to the optimization 
problem Mete I divide by P\, in oidei to piesene the quadiatu loim of the model 
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{(/ 3 2 ,// 3 i,), u [h and the assumed information set at the time the 

decision for period t is made; i.e.. 


ft, | 



«!/- I- "I/-'.' 


F* 2i i f‘>i a 

F* t / t P\t-\ 


.S', I, .S', 2, . . .j. 

Given that certain additional regularity conditions are met, tlie opti¬ 
mization problem (3) has a unique solution for the land allocation for 
c top 1 at lime t that is a function of the inlormation set fi,_ ,. Since this 
paper is concerned with the empirical implications of the model for 
aggregate data, I seek an analytical solution to problem (3). I suggest a 
linear-quadratic approximation tor the production function above 
and the stochastic processes of the uncontrolled variables, and I as¬ 
sume that both crops can be produced on the same plot at the same 
period (1).' In particular, let (I) be specified as 




+ «t, 


- ^ 4 
Tf 'hi 


)d„ 4- c/,(l 




(5) 


where f\, , and d, are positive scalars. The first term represents a 

standard quadratic function. The second term is meant to approxi¬ 
mate the deterioration in land produc tivity. For d\ > 0, the partic ulai 
appioximation suggests that il the summation of the fractions of land 
from last and current periods is greater than one, then the current 
average productivity of land is reduced. Furthermore, if the summa¬ 
tion of A i t /A and /l,,.. ,/d is less than one, the current cultivation of 
c rop 1 is assumed to be on land that has been used for c rop 1 for only 
the cut rent year. Hence, the avetage productivity is incteased. If the 
sum of A\,IA and A\, i /A is ecptal to one, there is no linkage between 
the cut rent average productivity of land and past cultivations. Hence, 
only it it turns out that A\,!A — V> for all t 5= 0 would the farmer’s 
problem seem to lie static. Observe that il d\ < 0, the production 
function (5) implies that M>0; i.e., |>ast cultivation with the same 
ciop inct eases current productivity. This can be explained as arising 
from "high costs’’ of crop-specific plot preparations, which hold for 
several seasons. 


' Alternatively one may assume that each plot is ngidlv defined .mil that it can be 
used cutler lor (top I or for clop 2 In this cast* the land allocation derision is a disc retc 
< hone piohlem. w hie h is not tractable and is not an atttac ti\e desc ription of the country 
m (even) the taim data. However, in the discrete rase the pioduction func¬ 
tion ( r >) is intuitively very appealing, and if one has micro data on the hisloty of plots 
one may use the abene approximation to the farmer problem m older to derive a probit 
model 
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The production Junction of crop 2 (wheal) is assumed to he linear: 

X‘2l = (j'2 + a ‘2l)A‘>,. (<)) 


The specification of the model above is of particular interest since it 
enables one to (i) derive an analytical solution to the farmer’s problem 
(3); (ii) emphasize the dynamic aspects of the production function of 
the main crop (cotton); (iii) keep the model close to the dynamic 
supply model of Nerlove (19. r >8); and (iv) show what sort of restric¬ 
tions one should impose on (he theoretical fanner's problem in order 
to justify t'xplnilly the linear time-series econometric models that ate 
widely used. The production functions (5) and (b) are vers simple 
approximations, but the Egyptian aggiegale data did not a pi tot i 
reject the specification of the cotton production function (5). M In gen¬ 
eral, an extended version of (5) that includes more lagged area and 
other inputs (e.g., labor and fertilizer) could l)e specified (see the 
App.), but only numerical solutions to the farmer’s ptoblem are feasi¬ 
ble for much more complicated models. 

If we substitute (4)—(<>) into (3), the farmer’s problem becomes: 
maximize 


J - E , lim V (i 

v / - o 

di 


( / I + <1 1 /M 1/ TJ - -1 ir 


( C ) 


+ -=•(/!- A i, i - A|,)A|, - H,A |, + R,A . 


by choice of A | 0 , A 11 , A|_>.where H, = (1 //•*i,) f /'•.>,( /■> 

“real" shadow price for crop I land allocations 1 he op. 
subject to a given level of A, , and a given law of iik 

stochastic processes of a |„ R h and S,: i.e.. 


8(/.)Z f = U„ 

where Z,' = (c/|,, /{,, S,). and 8(E) = / - ft,/. -- 8j/. J 

where S, is a vectoi of u - 2 exogenous variables at time I imh i 

taxes, tat ills, and other variables that contain infoi mation on /',’s and 

c/]’s) and S ; is an n x n matrix lor/ = I . k. Em thet. U, is an >i x I 

vector where /'.(U,|(l, ,) = 0 and E(U,U,’) = I, and where 1, is a 
positive semidefinite matrix. The vector stochastic process (8) is as- 


K In Lc ksiem (1981 b) I estimated it diretiK using aggiegate cl.tt.i hum l g\ pi 1 snv 
197 r > (I)ala on pikes ait* available onl\ I mm 1919 and have Ihtii I i\ c ct l)\ thegovein- 
UH*nt siikc* 1968 ) 1 divided (5) bv /ti, to gel a linear \i<‘ld equation with a lust-oidci 
setially tonfl.itt‘d enor (n w —see Set 111) The lesulis (mm the two step rtluuui 
method o( estimation were that (f>) is sigmhtanllv t|iutlr.iin tie.jttfj 2) *- (r/, l)j ■ th. 
the setial ton elation toeffitienl ol a ]t is a significant positive (taction and </, is an 
insignificant positive minibct Fuiilieimoie, a likelihood latio test lui a stnutuiai 
change in (5) altei Wot Id War II was rejected at the .’» peitent significance level 
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sumed to he of mean exponential order less than 1/Vp, so that a 
constant and a linear trend can be part of the vector S,. The variables 
in the vector Z, (n x 1 ) are viewed as being unaffected by the farmer’s 
decisions. Thus, for example, prices are assumed to be exogenously 
given to the representative farmer. 

Following Sargent (1979A), the Euler equations of the dynamic 
problem (7) can be written as 

Ti, - \|/4|, . | - ^ OXiV[/, + d t + ,(«,,+ ) - A’, i(/f, +/ )] 

"i /-o 

(9) 

for all / = 0, I, 2.where X, is a function of g,, d lf A, and p, - 1 < 

X i < 0 if d\ >0, and 0 < Xi < 1 it d\ < ().'•’ 

For any arbitrary set of expectations, (9) implies that 


M i, 


< 0 


(10a) 


and 


a*, i 

,,) 


> o. 


(10b) 


for d | > 0. Equation (10a) is the standard result that more land is 
allocated to crop 1 as the expected price of the season goes up. How¬ 
ever, (10b) implies tfiat if farmers expect that in the following year the 
price of crop 2 relative to the price of crop I is going to decrease, they 
will dectease the quality of current land allocated to crop 1. This 
result could be viewed as a rationale for the “cobweb phenomenon,” 
that is, that the inherent dynamics in the production function cause 
cotton and wheat production to oscillate in response to changes in the 
(rational) expec ted pi ice in the future. Dynamic models with adjust¬ 
ment costs in land allocations (<•/, < 0) imply the same result for (10a) 
but the opposite sign for (IOb). 

I he assumption of lational expectations in this model implies that 
farmeis maximize (7) subject to the true stochastic process of the 
exogenous variables (8). Using Hansen and Sargent’s (1980) predic- 


* In Lrkstcm (I981«) I ptove (he equivalence of problem (7) where c/j < 0 with the 
standard adjustment-costs piohlem discussed in the literatuie. 1 he Neiluvian supply 
iespouse model uses the adjustmetil-rosts argument to justify adjustment m actual aiea 
ws-^-viN desired land allocations I( I me lude more than a 1-year deterioration effect in 
(5), the number of lags of land alien ations in (9) will be equal to the number of years in 
the cumulative dynamic factor in the production function (see Hansen and Sargent 
1981). If (5) is linear—i.e., (g\!2) +• (d y /A) = 0—then the optimization problem (7) is 
not concave in 4], and either there isa solution where A ]t -= A A for all t, or A u ~ A 
for some t and A i, - 0 otherwise (“bang-bang"). In my (1981 b) dissertation I show that 
with constant prices both cases are possible, depending on the prices of wheat and 
cot (on. 



agricultural supply 9 

tion method, we can write the optimal decision rule as a function of 
variables in the farmer’s information set at time <; i.e.,"' 

A u = XiAi f -1 + y + Mu(L)«n-i + V-AL)Rt \ + ^(L)S U ! 

( 11 ) 

+ lLi(L)S 2 t -I + . . . 4- lL„(/-.)S n _2/- I, 

where 

X t A(/) + d i) 
d,p(l - PX,) 

and 

P-|(L) = P-,0 + + ■ • • + J 

for all i = 1,2and j =s k. Equation (11) is an exact closed-form 
analytical solution for the farmer's optimal land allocation decision 
rule at time t. Observe that jc.'s coefficients are some nonlinear func¬ 
tion of X), p, d i, and 8,’s coefficients, which expresses the restriction 
imposed across the decision rule and the parameters of the stochastic 
processes tor variables in Z,. 

The certainty equivalence property of the model implies that under 
certainty the optimal decision rule (9) depends on the actual values 
(petfeet foresight) of 0 \, +l and R, t/ (j - 0, 1. . . .) and that under 
uncertainty it depends on their conditional expected values but not 
on other moments of the distributions of the random variables Im¬ 
posing the uncertainty on the farmer's problem is of interest here for 
two reasons. First, theoretically, past exogenous variables are un¬ 
related with current decisions only because of the inhumation tl 
contain about their future realizations (as in [11]). Ch.r 
distributions of the exogenous variables would alter tin 
through the cross-equations restrictions. Hence, predicts 
spec! to a permanent change in relative prices require 
identification of the model’s parameters, even though pi r 
enous (Lucas 197G). Second, under uncertainly equation i 
standard econometric form of distributed lag models that .m 
mable using standard nonlinear methods. On the other hand, undci 
certainty equation (9) contains all future exogenous vaiiablcs, and it 


" I lansen and Sargent's (1980) optimal projection for (9) given (8) and the mini ma¬ 
tron set ft, |, is 


X ihi w> = v 
/’•> 




I + 


* I 


y 
^_, 

> -1 


* 



' 8 , 




/ , 


where v — (1, 1,0, 0,. . , 0) is a row vector with ones in the fust two positions and /cios 
m the next n - 2 positions, and where \ = r, - (a,. - R,). X = X,(J. and / is an n x n 

identity matrix. 
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cannot provide an integrated aggregate error term for estimation (see 
Sec. III). Therefore, it is not a tractable estimable equation. 

In order to analyse (II) let us consider the following case. The 
shocks to production («|’s) and the price (R) are serially uncorrelated 
and are independent of variables that are in the information set; ni, 
has zero mean and R, has a positive mean. Equation (11) can be 
written as 


A i/ — i + 


and the mean of A,„ A*, is 

AT = ^ 


X,A 


t/i(l - X,) 


(mean of R), 


(12a) 


\,A 


<li( 1 - A,3)(l - X,) 


• (mean of R). (12b) 


For the relevant domain of t/|, we obtain dA\,ldd\ < 0 and dA*!dd\ < 
0. Thus, increasing the rate of land deterioration decreases the area 
allocated to crop 1. Equations (12a) and (12b) show that farmers 
would not interpret price fluctuations and shocks to production that 
ate serially uncorrelated as signaling a permanent alteration in the 
incentives confronting them. Now consider the experiment of a once- 
and-for-all increase in the mean of the relative price, R. Using equa¬ 
tions (12a) and (12b) the immediate response for A\, is a decrease 
below the (lowet) new level of Af and, by oscillating fluctuations, 
convergence toward the new mean of /\ |Hence, the short-run ef fect 
is greater than the long-tun, and the cobweb phenomenon is, in this 
model, an optimal response to a shock in relative prices and has 
nothing to do with rational price expectations. At the same time, the 
model predicts the same response to a shock as the VAR (fig. 1) using 
Egyptian data on cotton and wheat. Observe that the qualitative impli¬ 
cation of this experiment holds in the general case as well and can 
illustrate the effects of deterministic tax (subsidy) policies on the 
movements of land allocations. It is straightforward to see that in 
the case of adjustment costs (\, > 0 and d\ < 0), the signs of both 
the immediate and tfic long-run effects of the experiment are re¬ 
tained but the magnitude of both increases. However, the short-run 
effect is lowei than the long-run (see Nerlove 1958) and the conver¬ 
gence toward the mean is a downward smooth path rather than oscil¬ 
lations as in the case where d\ > 0. In general, the structure of the 
stochastic process of the relative price has an important effect on the 
predicted movements of land allocations due to changes in prices or 
other variables that affect prices. This includes the magnitude of the 
dif ference between the immediate response (short run) and the aver¬ 
age change (long run) in land allocations due to changes in prices. 

What are the effects of fertilizer, labor, and pesticides on the land 
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allocation decision rule? In general, if the production function of 
crop I is separable between land and any other inputs, the decision 
rule (11) stays the same. Theoretically, one can specify a production 
function that exhibits a complicated interaction between fattens of 
production and that includes both static and dynamic elements. 1 lan- 
sen and Sargent (1981) discuss methods for solving these types of 
models. 11 

Estimating the underlying parameters of the model is crucial in 
understanding supply responses and the land allocation decision pro¬ 
cess. Equation (1 1) is almost a regression equation. If I do not observe 
some of the variables that are part of the farmer's information set, J 
can construct an error term lot (11) such that it has the properties of a 
regression equation. The reduced form of this equation is observa- 
tionally equivalent to the traditional supply response model of Xer- 
love (1958), since both models can be specified such that they have 
identical reduced-form equations. However, the model in this paper 
has a completely different intei pretation of the observed pattern of 
serial and cross correlations between crop areas and crop prices, 1 ' 
l he traditional supply response model does not investigate jointh the 
dynamics of the production process and the dynamics of the actual 
crop prices that farmers observe. The model here emphasizes the 
important role of the dynamic stiucture of the production technol¬ 
ogy, the information farmers have at the time inputs are c (minimi 
production, and the way relative prices are moving enct 
determination of farmers’ response to changes in intei’’ 

III. Estimating the Dynamic Land 
Allocation Model 

The reason for estimating the model is to determine wlmm 
namic: rational expectations model is reliable lor precht non and i .ip., 
ble of interpreting the observed serial and cross correlations between 
crop areas and prices. In the discussion above 1 showed that the 
model can interpret oscillating fluctuations in land allocations, such as 
those that arise in a VAR (fig, 1) using Egyptian data, as a rational 
response to shocks in prices and pioductivitv. As such, there is reason 
to believe that the restrictions imposed on the data by ihe model will 
not be rejected by a careful use of statistical methods. 

Here 1 present results from a maximum likelihood estimator of a 

11 1 he App. lllustiates how the interaction between inputs mav aflat the d\- 
namic properties of the model. 

12 See Sargent (1976) for a similar result with respect to ma<loeemiomic models. In 
Eckstein (1981 a) I show how a simple Nerlowan model can lit pel teeth "ell data 
genetated from a specific case of eq. (11). 
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simple bivariate specification of the land allocation model using Egyp¬ 
tian annual data on cotton area, cotton lint price, wheat price, and 
wheat yield from 1913 to 1969. Cotton and wheat are the main crops 
in the Egyptian economy, and soil deterioration and insect accumula¬ 
tion in soils under continuous cotton production are the main reasons 
for crop rotation in Egyptian agriculture. During the relevant period 
both cotton and wheat were internationally traded in large quantities. 
Hence, it is reasonable to assume that their prices are determined in 
the world markets and are not Granger caused (Granger 1969) by 
Egyptian production. The average area and yield of cotton and wheat 
stayed almost the same over the entire period, but the annual quan¬ 
tities show large fluctuations over time. Given the importance of ag¬ 
riculture in the poor Egyptian economy, the characteristics of the 
mam crops, and the fact that most recent studies on the dynamics of 
agricultural supply were of crops in less developed countries (see 
Askari and Gummings 1976), it is particularly interesting to test this 
model with the fairly good Egyptian data.” 

As in traditional agricultural supply response models, the two vari¬ 
ables here arc the cotton crop area (A|,) and the relative price (/?,). 

I he decision rule (11) and the vector stochastic process (8) are the 
joint equations that are estimated here. The unrestricted (reduced- 
form) system of two equations (A|„ R,) yields a VAR of a lag length 
that is determined by the stochastic process for R, and n u . Therefore, 
an unrestricted VAR can serve as a statistically maintained alternative 
to any resit it lions that the theory imposes on the data. Likelihood 
ratio tests of lag length for the complete unrestricted (symmetric lags) 
rejected two versus four lags (marginal confidence level = .92) but 
did not reject three vetsus four lags (marginal confidence level = 
,14). 

l’wo types of identifying restrictions exist here: (i) zero restrictions, 
which amount to the assumption that A u does not (hanger cause R h 
and (ti) cross-equation restrictions due to the rational expectations 
assumption, given that t is correct (see Sargent 1981). 


' Almost identical data were used by Hansen and Nashashibi (1974, 1975) and are 
available also in Ec kstein (1981 b). I he prices arc ex-lai in pi ic es in Egypt and the aieas 
and yield are national aggtegatrs I he sources of the data are Egypt Ministry ot Fi¬ 
nance. Annuairr Shihstiqur, 1909 GO, and National Bank of Egypt, F.cunnmt< Bulletin, 
1948-78 Detailed discussions ot the Egyptian agi mill oral set lor are available in Han¬ 
sen and Marzouk (1965), Owen (1969). Hansen and Nashashibi (1975), and Eckstein 
(I981A) Note that cotton is the main crop in production, and both the lint and the 
seeds have been the main sources ot export earnings tor many years (since 1880), 
Wheat is second to cotton in production: its growing petiod overlaps cotton's, and it is a 
pan ot the ctop rotation system that Egyptian farmers follow. Furthermore, wheat 
became an important imported commodity, and substitution between wheal and cotton 
in production has a direct effect on the trade balance 
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In order to preserve the simplicity of the model and the three-lag 
VAR supported by the tests, I assume that R, and the shocks to pro¬ 
ductivity («„) have the following autoregressive processes: 1 ' 

R, = au + a|fl, i + a-iKt-i + M < (13) 

ty 

■ a i, = p «i/- 1 + u i> 

where it is assumed that |p| < 1 and the roots of 11 — at* — a 2 z | - 
are outside the unit circle. 

Using the farmer’s land allocation decision rule (11), and given that 
, lu i s not observed, I can write the VAR for A\, and R, as 


A\ t 


(Co 
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where WAR represents dummies for the Second World War (1911- 
45), 15 |x ( , contains several deterministic (time-independent) elements 
from the decision rule (11) that cannot he identified separate!' c 
I], and € 2 , = it"; p-i, Pi, and p t . defined in (13) 1 
resti ictions across the equations in (14) and represent the 
of the rational expectations hypothesis: 11 ’ 

__ X, / a) 4- Uj\ \ 

M ’ 1 d \1 - a,\ - a.,xi 

= / «-■ \ 

d \1 - U|\ - 

»-V( t^t)- 

where d = d,M. Here e, = (e,„ €■_.,)' is the vector of innovations that is 
assumed to have a bivariate normal distribution with /•.(€,€,) = l . 


11 H, — wheal price x wheal yield x (1/cotton lull price) 

r> The Second VVoild War caused exogenous limitations on trade and altered the 
level of wheat and cotton pi eduction Io capture this effect a dunum ".is itu induced 
to the empirical spec ihcatuins 
,h Set* n. 10 for the method. 

17 Equation 13 is a particular specification for eq. (8) T he lag order in the li, process 
is supported by estimating univariate autoregressive processes. Strategies for estimat- 
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Hence, estimators of the vector of tree parameters 8 = {Xi, d , p, ct\, 
ot 2 , a„, p-o, 70 1 , i« 2 } is obtained by maximizing the likelihood function 
with lespect to 8. Let 1, = (/,„ l>,)' he the sample residual vector for a 
given value of the parameter vector 8. Then the concentrated log- 
likelihood function of the sample of observations on the residuals 
over / = 1, .... 7' is (see Sargent 1978) 


/-(«) 


- /'[log (211) + 1 - log 7"] - V 2 T log £ 1((8)1,(8)' 

I 


(lb) 


Equation (16) is maximized with respect to 8, where 1 ,( 8 ) is defined 
by (14) and (15) for each observation. 1 * Observe that (14) has 11 
nonzero regressors while the vector 8 has only nine free parameters. 
Heme, there are two oveiidentifying restrictions that are imposed by 
theoi y as implied hv (15). These restrictions as well as the a priori zero 
restrictions are tested using conventional likelihood ratio tests. 

The estimated patameters (see table I) of the model satisfy the 
restrictions that the model imposed on the farmer's problem; that is, 
|X,| < l.|p| < l. the roots of 11 - ot|Z - or>z 2 | = 0 are outside the unit 
circle, and the sign of <7 is opposite to the sign of X(. The values of K, 
and d are consistent with adjustment cost effects in production and 
are not compatible with the simple specification of the soil fertility 
deterioration in cotton production. In the Appendix I show that the 
interaction between land and fertilizer may affect the dynamics of the 
land allocations decision in such a way that if data on fertilizer are 
omitted Xi may be positive. Thus, the traditional omitted-variable 
argument may explain the signs of X, and d [t maintaining the hy¬ 
pothesis of soil fertility deterioration in cotton. Using the estimated 
parametets I can calculate the response of land allocations to a per¬ 
manent or temporary change in prices. The long-run supply elastic¬ 
ity, that is, the percentage change in the mean of A\ divided by the 
percentage change in the mean of R, is equal to -.1.8; and the im¬ 
mediate effect ol an expected change in R, (short-run elasticity) has a 


ing this i\pe ot model are discussed in Saigem (1978), Hansen and Sargent (1080), and 
Wallis (1080) 1 he time domain full-information maximum likelihood is the most con¬ 
ventional method tor multivariate nonlinear models. It turns out that lor our model 
this method is also computationally more elhcicm than frequency domain approxima¬ 
tions of the likelihood function. In Eckstein (10816) a four variate model has been 
estimated using frequency domain approximations to the likelihood function. 

lH 1 he niaxiim/diion was done using the on* algorithm from the oqoti pac kage of 
Princeton Univetsity. file complicated nonlinear structure of the model implies no 
gain from writing the analytical first and second derivatives; hence, I used the detiva- 
tive-free method I maintained a 10-digit acciiiacy level and checked for other local 
maxima in “the ncighlxirhood.” I do not report the asymptotic standard errors of our 
estimators since the Hessian, at the maximum, was not negative definite. I he computer 
program had been tested using a Monte Carlo expemnent of the same model that I 
estimated. 
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TABLE I 

Esi imaI'M) Pakamlikks ok iiik Land Ai.loc.ai ion Moon. 

A, = .OS l 
,1 = -.008 
a) = .524 
a ? = 250 

p = .081 

— Ihc log likrhh«*<Ml = / (ft) = 506 OHN |i = Hivouni f.mor _ *»">. imjx»n! .i pimti 

lower value (d < 0) that is equal to —.11. 1 * 1 As such, all the estimated 
parameters of the model have signs consistent with the assumptions 
of the model, and the magnitudes of the long-run and the short-run 
elasticities are within a reasonable range. 

Let /.(0) he the value of the log likelihood of the model and /.„ be 
the value of the log likelihood of an estimated unrestricted \ersion of 
the VAR (14). Then, -2[b(0) - /-„1 is distributed x‘(</). where </ is the 
number of restric tions that are tested. Three likelihood ratio tests of 
the model were performed. First, the null hypothesis that the param¬ 
eters A], (I, cii, a 2 , and p (not the constants and the dummies) are zero 
is tested against the model. (This test is similar to the standard /-'-test 
of the linear regression equation.) I he likelihood \alue of the null 
hypothesis is -529.63, and it is rejected with a marginal significance 
level that is less than .001. Hence, the implications of the model <n id 
pattern of serial and ctoss correlations between prices am 1 
more consistent with the data than the null hypothesis of u< 
cross correlations. 

Second, I test the overidentifying cross-equations lestiic 
to the rational expectations solution of the dec tsion i tile, n 
the assumption that A , does not Granger cause /(; that u 
restrictions on the three-lag VAR are not relaxed. The is.,,, 

VAR implied by the model is presented at the top of table 2. 1 ,.. 
estimated VAR where the cross-equation restrictions are not imposed 
is reported in the middle of table 2: the likelihood value of this system 
is -505.489. The marginal confidence level ot testing the theory 
against the less restricted model is less than .5 (x'l-l = 1.2), and the 
model is not rejected. Table 2 indicates that the coefficients of 
the restricted and unrestricted (with zero restrictions) VARs have the 
same sign as the auto- and cross covariances. The land equation shows 
a higher negative effect in the second-order lags of Ai and H. and the 

rile avcidge ot H — Hi,8. I he aici.ige ol .4 1 — 1.540 0 I lie long-i un el.win iis is 

_ _ lt> 8 _ ^ _ . 

d(I - A|0)(l - A,) 1.550 

I he immediate elasticity (shori run) = (A,/i/)(l(i.8/1,550) = - II 


p,, = 1,551 05 
u„ 5.70 
7c, = -719.15 
- Of) 




if) 
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patterns of the moving average coefficients of the two VARs are 
almost identical. This test can be viewed as a support for the rational 
expectations solution versus any econometric model that ignores the 
cross-equation restrictions but that is observationally equivalent (Sar¬ 
gent 1976) to the model presented here. The Nerlovian supply re¬ 
sponse model is an example of an econometric model that (or some 
specifications has the same VAR as for the model presented here. 20 

Third, the likelihood ratio test of the model versus a three-lag 
unrestricted VAR (the third system in table 2) rejects the null hy¬ 
pothesis with a marginal confidence level of .995 (x 2 L 7 ! = 20.3). I he 
signs of the serial and cross correlations of the area equation are 
the same as in the model, but the magnitude is significantly different. 
The main change is in the R, equation where the zero restrictions are 
relaxed. The serial correlations of R have the same sign and only 
marginally different values computed with the VAR of the model. 
Hence, the model is rejected because of the zero restrictions on the 
price equation and not because of the rational expectations cioss- 
equations restrictions. The result indicates that the model probably 
fails because of the way 1 assume prices are determined in the Egyp¬ 
tian economy rather than because of the particular linear-quadratic 
approximation of the dynamic technology or the implied rational 
expectation restrictions. Given a priori acceptable point estimates and 
the positive outcome of the second test, I can chaiatteri/e the emm 
ical results as providing some support for the specific mod 

IV. Conclusion 

This work is best viewed as an attempt to construct a dvnan 
tic theory of agricultural supply that can be used to intei pi < 
data on land allocations, crop yields, and prices. By mtinclm 
explic it approximation to a well-known characteristic of the c top pi > 1 
deletion process (depletion of soil productivity), I demonstrate how 
the dynamic properties of land allocation and their interaction with 
crop prices depend on the production technology. 1 he model can 
interpret the dynamics of land allocations as a result of different 
technologies: the depletion effect in land productivity; costs ol adjust¬ 
ing crop areas; or omitted inputs that interact with land (e.g., fer¬ 
tilizer). fn such a model the supply response elasticities are functions 
of the technology and the parameters of the price processes. It turns 
out that the restrictions imposed by the model received some support 
from the data. The estimated structural parameters are consistent 
with the model and conform to a cost-of-adjustment framework, and 

See Axkari and Cummings (1976) for reported lesults from the Neilcui.ui imxiel 
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the cross-equations restrictions are not rejected when the zero re¬ 
strictions on the price equation are maintained. The methodology 
adopted het e requires that future changes in the model demand care- 
lul consideration ol aspects of the agricultural decision process that 
have been ignored previously. As such, there is hope that future 
research will lead us to an improved understanding of the dynamics 
of agricultural supply. 


Appendix 

I tere I consider a simple example with fei nlizer. Let E u be the fertilizer that is 
allocated to ctop I at time /, and let the production (tint(ion (or crop 1 he 
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wheie «i| and un are positive stalais. Substituting (AI) rather than (5) into (3) 
and subtt at ting the cost ol lei tili/er from the farmer's problem, 1 can find the 
fnsi-oidei netessaiy conditions of the farmer’s problem with respect to F\, 
and Solving lor /•' t , in terms of A|, and the current price of fertilizer and 
substituting the result into the fust-order condition with respect to A|,, I find 
that the land allocation dei isiori rule has e\a< tly the same foi til as the solution 
lor the original problem (7). Ilete die price of fertilizer is an additional 
element m the optimal decision title and in the uncontrolled vet tor stochastic 
process of Z,. However, there exists an nnpoi taut diffetcnte between the two 
solutions. If c/jicj In’., > g, + 2 (<I\IA). the coefficient of An in the Killer 
equation is negative and it is possible to have a real solution with 0 < \i < 1. 
Hence the serial cot ielation in land allocation is positive, sue h as in the adjust¬ 
ment costs c ase. file intuitive Intel pi et at ion of tins result is dial if i he produt - 
non of crop I is veiv responsive* to fenili/ei applications (laige icq and small 
»'■_>). the rotation element in land allocation may completely disappear. 
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The Taxation of Risky Assets 
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1 Uis paper reconsiders the effects of taxation on tiskv assets, tetog- 
m/.ing the importance ol v.uialions in asset prices. Wo show that 
earlier analyses that assumed that depredation rales are constant 
and that the future pttie o| <apital goods is known with certainly are 
sety misleading as guides to the effects of corporate taxes. We then 
examine the comepl of economic depreciation m a risks environ¬ 
ment and show that depict lalion allowances, tl set ex ante, should he 
adjusted to lake account of future asset price risk Some emptiic.il 
calculations suggest that these adjustments are huge and have im¬ 
portant implications for the burdens of, and notineutralilies in, the 
cm pot ation income (ax. 


I. Introduction 

The enormous volatility in the prices of capital assets in the American 
economy has been widely noted. The standard deviation of real stoc k 
nun ket returns appears to he about 20 percent per year. Over the last 
15 years the price of used capital goods as measured in the stock 
market relative to consumption goods has vaiietl by a factor ol more 
than 2. Comparable volatility is observed in the pricing of used capital 
goods such as airplanes and office buildings where an active second¬ 
hand market exists. It seems clear that realistic positive or normative 
analysis of the effects of capital income taxation requires models in 
which there is substantial scope for variation in the price of capital 
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assets. Yet the literature on capital income taxes and risk taking has 
focused almost entirely on models where the return from capital 
goods is variable but their relative price is certain. 

This paper reconsiders the effects of taxes on the return from risky 
assets, recognizing the importance of variations in the price of capital 
goods. The results suggest that the burden of the corporate income 
tax is much greater than that implied by analyses such as Feldstein 
(1969), Sliglitz (1969), and Gordon (1981), which suggest that the 
government’s risk-sharing role almost fully compensates investors for 
the taxes they pay. 1 he essential error in earlier analyses is in the 
treatment of depreciation. The observation that capital asset prices 
are far more volatile than earnings streams suggests that most of the 
risk associated with capital assets is in their rate of economic (though 
perhaps not physical) depreciation rather than in their contem¬ 
poraneous marginal product. The tax laws’ use of ex ante deprecia¬ 
tion schedules rather than ex post depreciation means that deprecia¬ 
tion or "capital” risk is not shared by the tax collector. Therefore, a 
tax like the U.S. corporate income tax absorbs a much greater part of 
(he return than of the risk on capital investments. 

The implications of capital risk for depreciation policy are then 
considered. We argue that traditional concepts of what constitutes 
economic depreciation are likely to lead to serious errors in realistic 
settings. In particular, the notion that pervades theoretical and < n 
pirieal work on depreciation policy, that economic deprec > 
be measured by the expected decline in the price ol capit,.' 
shown to be wrong. We derive a new measure of economic 
that can be calculated from observable market data on as-' 
and prices and use it as a benchmark for evaluating <r 
policies. 

1 he consequences of using this new measure of economic nm 
ity tor a number of tax polity questions are analyzed. IMng two 
alternative empirical methods based on financial market data, we 
show that prior calculations of appropriate economic depreciation 
represent serious underestimates because of their failure to tonsidet 
risk. We also show that proper risk accounting suggests that previous 
studies of the problem of neutrality between assets of different dura¬ 
bility are seriously incomplete. A final implication of the results is that 
true rates of economic depreciation have increased substantially over 
the last decade due to increasing uncertainty. 

1 he next section of this paper examines the effects of capital in¬ 
come taxes on investment within standard models where the price of 
capital goods is known with certainty. A number of serious logical and 
empirical problems that arise in applying this analysis to actual corpo- 
tate income taxes^are then pointed out. The crucial distinction be- 
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tween accounting income, on which the corporate tax is levied, and 
real economic income, which includes capital gains and losses, is em¬ 
phasized, The third section shows that these difficulties can be 
avoided by recognizing the distinction between income and capital 
risk. The observation that most risk is of the latter variety leads to a 
reconsideration of tax depieciation policy. In the fourth section our 
new economic durability measure is introduced and the concept of 
economic depreciation in a risky environment is analyzed. The impli¬ 
cations of the analysis for the evaluation of tax policy are taken up in 
the fifth section. Kmpirical estimates based on financial market data, 
suggesting the importance of taking account of asset price risk in 
estimating rates of economic depreciation, are also presented. A sixth 
section of the paper summarizes the results and suggests a direction 
for subsequent theoretical and empirical research. 


II. Taxes and Risk Taking When Depreciation Is 
Known with Certainty 

This section briefly reviews previous results regarding the effects of 
taxation on investment in risky assets. The paradoxical conclusions 
obtained in much of the literature suggesting that taxes on risky assets 
may actually encourage investment in them are shown to depend on 
implausible assumptions. In particular, these conclusions depend on 
the government’s presumed ability to bear risk costlessly and on the 
assumption that the relative prices of capital assets do not vary. The 
implausibitily of these assumptions is illustrated by noting that they 
imply that the market value of the claim taken by the government 
through the coiporate tax system is negligible. 

We begin by reviewing a simple model of corporate investment in a 
mean variance setting similar to the one employed in earlier work on 
taxation and risk taking. The perfect markets assumptions necessary 
for the validity of the capital asset pricing model (CAPM) are pre¬ 
sumed to hold. 1 Individuals aie compensated only for the systematic 
t isk they bear. Diversifiable risk is not compensated so that private 
and social risk are equal. This implies that there is no gain from risk 
spreading through government taxation of risky assets. The private 
capital market is able to accomplish all feasible risk sharing.' 2 

Now assume that the cash How yielded by an asset fluctuates, but 


1 These in<hide (he absence of transactions costs, limitations on short selling, homo¬ 
geneous expectations, the existence ot a sale asset, and competitive behavior. 

J II these assumptions ate not satisfied, the government tail ini tease welfate hy 
serving as a financial imermediaiy. However, iftlieie ate economic reasons for (he 
nonexistence of matkets, such as moral hazard problems, there is no presumption that 
tax policy can increase wellaie. 
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the price of capital assets is constant, and that assets depreciate at a 
constant rate that is known with certainly. We also assume that the 
taxed sector is sufficiently small that it is a price laker in determining 
the after-tax riskless rate and the slope of the capital market line (Le¬ 
the risk-return trade-off) available to investors. 3 This assumption 
greatly simplifies the analysis without altering qualitative results. In 
the context of the CAPM in the absence of taxes, the corporate sector 
will invest up to the point where 


f'(K)' - 8 = r + u, 


where /'(A)' is the expected marginal product of capital, assumed to 
he a declining function of A', 8 is the rate of deprec iation, r is the real 
interest rate, and a is the risk premium on corporate sector invest¬ 
ments. Fn the context of the CAPM, a = cov {| / '(A), ]/var (r. w )} • T u 
where r v< is the excess rate of return on the market portfolio and T u is 
its expected value. Note that because of the assumption of a constant 
price of capital, no term reflet ting capital gains or losses appears in 
(1). This assumption is relaxed below. 

Now introduce a tax at rate t on the risk premium earned on 
investments. That is, the government taxes all corporate income but 
allows deductions of (8 + r)K to cover depreciation and the riskless 
return on capital. Because the government is bearing IOOt percent of 
the risk on corporate investment as well as IOOt percent ol the risk 
premium, investors face the same capital market line (risk-ietuin 
trade-off) as before the lax. Capital market equilibrium leqiun-s 

r f 8 + (1 - t)[ / '(A) 1 ' -1 - 8| - r + 8 + a( 1 
/'(A)' - 8 — 1 + a, 


just as with 110 tax. 

In models such as those of Tobin (1058) and Sttglii/ , 
assumed that any risk borne by the government is not pass, 
the private sector. In those models, investors w ill hold write 1 r,k\ .1 
in the presence ol a tax on the risk premium. An appioach we t.uoi, 
adopted by Gordon (1081) and Mint/ (1081), assumes that this n>k 
must be passed back to taxpayers. Assuming that the risk does sta\ m 
the economy and is therefore passed back to invextois. it is ease to 
show, as Gordon has, that the level of risky investment is unallected 
by a tax on the risk premium. 

Hence, the risk premium tax yields expected revenues of «(1 - 7 )A 
but does not change the amount of risky investment, l he reason is 
that while the government takes 100 percent of the risk premium, it 

' tor a defense- of this proposition, see Summeis (1981). who notes that die l S 
< nporatc sector tepresenls less than one-tenth ot world fiee market wealth 
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also takes 100 percent of the risk. The slope of the capital market line 
facing investors is unchanged. The government is not distorting in¬ 
vestment because it is extracting a claim of zero market value—its tax 
claim is the equivalent of its acquiring stock market futures contracts. 

Now consider a pure income tax, where only depreciation deduc¬ 
tions are allowed. With the income tax, if the posttax required rate of 
return remains the same, capita! market equilibrium requires that 

(1 - t)[/W - »] = r + a(l - t) (3) 

or, equivalently. 


/ W - 8 = -r - + a. (4) 

I — T 

(liven the very low level of real interest rates available in the Ameri¬ 
can economy, this expression seems to imply that the corporate in¬ 
come tax has only a negligible impact on corporate investment. As¬ 
suming a 2 percent real interest rate and a Gobb> Douglas production 
function, litis expression implies that the corporate income lax re¬ 
duces the size of the capital stock by only about 13 percent.' This low 
estimate is obtained without considering the effects of accelerated 
depreciation, the investment tax credit, the tax advantages of debt 
finance, and any special ability of the government to spread risk via 
the tax. Despite the small increase in / ’(AT)' caused by the tax, the 
ex pec led revenue yield is tA[(c + c*)/(I - t)], which may be quite 
large. Plausible American magnitudes suggest that expected annual 
(ax revenues would represent about 5 percent of the market value of 
the capital stock. 

However, though Gordon (1981) implies otherwise, there is no free 
lunch here. Because the government is taking a claim of /cm market 
value, it can only finance programs whose budgets have a certainty 
equivalent of zero. If the government wishes to spend the ex|>ected 
revenues of this tax, it must also impose another tax, w'ith zero ex¬ 
pected revenue but a high market value (i.e., a countercyclical tax). 
The imposition of this second lax would be burdensome on the cor¬ 
porate sector and therefore decrease the level of investment in corpo¬ 
rate risky assets. 

Introducing inflation and personal taxes would not have any sub¬ 
stantial effect on the preceding conclusions. The corporate tax in the 
foregoing analysis tan be treated as an integrated lax including the 
effects of dividends and capital gains taxes. Introducing inflation 

1 T his calculation assumes dial llic pretax gross marginal product of capital is .20 and 
the aggregate production (unction of the corporate sector is Cobb-Douglas with a 
< apttal share of 25. It is also assumed that labor is supplied inelasikally to the corporate 
sec tor. 
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would alter the conclusions slightly because of the taxation of nominal 
as well as real capital gains and interest. However, Gordon’s (1981) 
analysis, which includes both inflation and personal taxes, reaches 
conclusions similar to those obtained here. The introduction of risk 
into the models that are normally used in public finance appears to 
have the dramatic implication that a corporate income tax has only 
very small allocative effects. In the next section we show that this is a 
consequence of the failure of standard models to account for fluctua¬ 
tions in the relative price of capital goods. 

III. Fluctuations in the Price of Capital Goods 

I he foregoing discussion implies that a corporate income tax on eco¬ 
nomic income raises a substantial expected revenue without greatly 
increasing the required rate of return on (or decreasing the amount 
of) corporate investment. In this section we examine the applicability 
of analyses of the type reviewed in the previous section to the L'.S. 
corporate income tax. We conclude that they are not applicable be¬ 
cause the vast majority of the risk borne hv corporate investors in¬ 
volves capital gains and losses as the relative price of corporate capital 
goods changes, file corporate income lax is levied on accounting 
income, which excludes these capital gains and losses. Hence it does 
not share in this type of risk. 

This point can be clarified by distinguishing between an asset's 
“income risk” and “capital risk.” file total return on an as- 
current return,/ A , plus its change in value, p K . Income n 
uncertainty in J K , capital risk to uncertainty in p K . I he .0 
virtually any corporate stock exhibit primarily capital risk, 
ance in stock price is generally many times the variance u 

The corporate tax shares in income risk because vartaii< 

rent economic income provide roughly equivalent van.. 

able income. This risk sharing largely compensates inu.stois |m 
decrease in their expected return caused by the tax. Capital usk is 
another matter. Ihe only allowance for changes in the value of i apital 
goods is through certain predetermined depreciation deductions. While 
an asset that eventually becomes worthless will have the right amount 
of total depreciation deductions over its life, we will show that the 
mistiming of realization of income under the tax system causes a 
substantial bias against riskv investment. 

The implausibility of the standard framework’s interpretation of 
the corporate income tax is easily exhibited. If corporate capital re¬ 
quires a significant risk premium, it follows that there must be a 
sizable risk that the return from holding corporate capital is less than 
the risk-tree rate^Otherwise, this asset would dominate the safe asset. 
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The earnings-price ratio measures ihe rate of return investors would 
receive if the relative price of capital goods remained constant as 
assumed in previous analysis of the effects of taxation on risk taking. 

The lowest value of the earnings-price ratio observed since 1948 was 
4.62 percent, far in excess of any estimate of the riskless rate. 5 An 
alternative way to view the problem is in terms of the after-tax net 
marginal product of capital. Holland and Myers (1979) report that 
the lowest value of this statistic was 3.6 percent in 1974. Many studies 
have estimated the pretax marginal product of capital and have 
found that it consistently lies above 8 percent. These figures imply 
that if the relative price of capital goods were fixed, corporate invest¬ 
ments would dominate acquisitions ol the safe asset. In order to make 
the same point in yet another way, note that the real interest rate has 
averaged close to zero. Yet, corporate tax collections have always been 
significantly positive, implying that the tax base has always been 
significant and positive. It seems clear that any effort to model taxes 
taking into account risks borne by investors cannot tell a consistent 
story if the fiction that the relative price ol capital remains constant is 
maintained.*’ 

The importance of changes in the relative price of capital goods 
may be seen directly in a number of ways. At the aggregate level, the <j 
ratio of the market value of the corporate capital stock to an estimate 
of its “replacement cost" has varied between 0.56 and 1.24 over the 
past 20 years. I bis measure involves the hard-to-measure replace¬ 
ment cost ol capital. Further evidence comes from examining the 
variance in stock market returns. Ibbotson and Sinquelield (1979) 
report that the standard deviation of annual real stock market returns 
is about 20 percent. Note that if the relative price of capital were 
constant, annual stock market returns would equal earnings-price 
ratios. The standard deviation of the earnings-price ratio is less than 3 
percent, and the standard deviation of the marginal product of capi¬ 
tal is less than 2 percent. This implies that variations in earnings 
account for between 1 percent and 17 percent of the variation in stock 
market retui ns.' It seems reasonable to conclude that most of the risk 
borne by corporate investors is capital risk, involving changes in the 


’Similar conclusions can be obtained using the iiittation-ad)usled earnings))! ice 
lalios described in Summcis (1983) 

11 There is a lemole possibility of a "peso" problem, where the inai kel i isk premium 
refletts a low-probahihlv disasiei that has not yet taken plate. Such a disaster would 
surely involve a change in die relative price of capital goods, as discussed below. 

7 d he range reflects ambiguity in t lit- allocation of the covariance term and the c lioice 
of concept Note that since much of the variation in earnings-pncc tatios and marginal 
produc ts of capital ate forceastable, these figutes overstate the extent of earnings risk. 
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price of lheir asset, rather than income risk, involving changes in the 
tuneiit return on assets. 

The enormous volatility in the relative piice of capital shows up 
cleatly in the maikets lor used capital goods. Table 1 piesents some 
information on the variability in depreciation rates, as infeticd hum 
used car and truck pi ices. I he data ate drawn from publid 
to used-asset pi ices and so undoubtedly nuclei slate the 
actual transactions prices. Since they reflect nationwide aw 
also understate the extent of unceitamty about the i.ite c 
the price of any individual capital good Nonetheless, die ■ 
very significant year-to-year vai iations in the 1 ate of 1 eal pi 
Tot example, the annual rateof real piice decline foi 2-vc.,, 

K600 trucks varied between 25.8 peicem m l l .)71 and 7 8 , 

1976. Ovetall, for most models and vintages of cars and 1 
standard deviation of annual tales of real piice decline 
percent. It is reasonable to expect that because of their slim 
and easy reproducibility, used car and truc k prices should i 
less volatile than those of other capital assets. 

While data are not available on the rents earned In owners ol cals 
and truc ks, it appears that most of the risk borne In holdeis ol these 
assets is capital risk involving changes in the piice lathei than income 
lisk involving changes in the current return. These data coi toboiate 
the inference drawn from aggregate data that most ol the task bottle 
by corporate investors involves changes in the relative price of coipo- 
rate capital rather than movements in the marginal productivity of 
capital. 
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Eruriomit Deptenahon 

As we showed in the previous section, most of the risk involved in 
holding an asset is “capital risk”—that the market value of the asset 
c hanges over lime. The prior analysis of capital mat kets has assumed 
no capital tisk—that the entire risk premium was for bearing “income 
risk”-—risk in the current period’s profits. In this section, we will 
consider the other extreme, which is a much closer approximation to 
the truth—that all risk is capital risk. We show that if in each period 
taxpayers are permitted deductions (which may he negative) equal to 
the change in the value of their assets, the analysis presented in the 
previous section continues to be applicable. However, the U.S. corpo¬ 
rate income tax and that of all countries does not employ an ex post 
depreciation scheme—rather it employs a system ot ex ante deprecia¬ 
tion under which an investor’s depreciation allowances ate deter¬ 
mined on the clay the asset is acquired. Setting ex ante depreciation 
dedtu lions equal to expected depreciation is not equivalent to permit¬ 
ting ex post economic depreciation. Calculations such as those pre¬ 
sented in Jorgenson and Sullivan (1981) that ignore the distinction 
between ex ante and ex post depreciation schemes are likely to 
signific antly understate the burden of the corporate tax. 

We begin by considering ex post economic depreciation in a setting 
with capital tisk. Let 8A' — the actual decrease in the value ol capital 
assets in a given period. For reasons ol exposition, we start by assum¬ 
ing S'A', the expected dec tease, is equal to /ero. With economic depre¬ 
ciation. even though there is capital risk, the govei nment is still taking 
on 100 percent of the risk in corpoiate investment. Therefore, the 
condition necessary (or stockholders to invest in the corporate sector 
is 


(1 -- T )[f'(K)' ~ S'I = > + C*(l — T) (5) 

or, given the assumption that S' = 0, 

/ W = + °L (fi) 

I his required rate of return is the same as in (d) where no capital risk 
was assumed. 


Cinrmt Defneuahan Law 

Actual U.S. depreciation, however, is not economic depreciation. We 
have ex ante depreciation, following a fixed schedule. What if, for the 
above asset where h r — 0, we allowed ex ante depreciation equal to 
expected economic depreciation of/ero? Recalling that capital risk is 
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the risk in p K , we note that this risk is not reduced by a profxmional 
tax on income that does not symmetrically tax capital gains and losses 
on asset holdings. Therefore, investors require an after-tax rate of 
return of r + a, and the requirement for capital market equilibrium is 

(1 - t) f'(K)' - t 5" = r + a, (7) 

but with 8' = 0 we have 

f\«Y = (8) 

I “ T 

It is immediately apparent from a comparison of (b) and (8) that the 
required return on capital investments is greater in the latter case, 
because the government does not share in the risk that herns’ capital 
will depreciate rapidly. 

Notice that in the case of an asset with positive tax depreciation, the 
only distortion from using an ex ante depreciation scheme arises from 
timing considerations. Ultimately the purchaser of a $1.00 asset gets 
$1.00 in depreciation deductions. Not adjusting for risk is similar to 
any other depreciation problem; it creates a problem of timing. 

The next section shows that it is possible to determine what ex ante 
depreciation scheme would be equivalent to allowing ex post eco¬ 
nomic depreciation. Only in the very special case of an asset with no 
capital risk is it appropriate to allow ex ante depreciation at the ex¬ 
pected rates ol depreciation on an asset. 


IV. Ex Ante Economic Depreciation 

Making Ex Ante Depreciation as 
Favorable as Ex Post Depreciation 

We can now show what depreciation rate ex ante would be mu - 
to reduce the effective tax tate on a risky asset to t. We lust show that 
when, as above, expected depreciation is zero, providing ex ante ex¬ 
ponential depreciation at rate a makes the investor indifferent to 
economic depreciation (and makes the effective tax rate t). We then 
use another approach to show that if expected exponential deprecia¬ 
tion is at rate 8, then the firm is as well off with uncertain economic 
depreciation deductions expected to be 8 and certain exponential 
depreciation at rate a + 8. These results may seem paradoxical as 
they imply that the certainty equivalent of the stream of depreciation 
tax shields is less than their expected value. The paradox is lesohcd 
by noting that the tax shield due to economic depreciation is a "nega¬ 
tive beta asset. Wdten the market does well, economic depreciation is 
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low, and, conversely, when the market does poorly, depreciation is 
substantial. 

With zero expected depreciation we can confirm that ex ante de¬ 
preciation at rate a is the equivalent of economic depreciation. Note 
that with lax shields equal to ar times the amount of investment, the 
equation for capital market equilibrium is 


(1 — j)J'(K)‘ + otT = r + a 

/'(*>' = + “■ 


(9) 


For the case where depreciation is expected at rate ft, the fiction of 
the firm considering the sales of its assets in the futures market is 
instructive. Consider an asset with an initial value of one, expected 
depreciation of 8, and a required risk premium of a. Then the firm 
could lock in a sales pi ice for one period from now of I — 8 — a. 
F.quivalently, it is equally happy with certain depreciation of 8 + a or 
uncertain economic depreciation with an expected value of 8. 

Now consider what price could be received by agreeing to sell the 
asset two periods from now. If the risk premium and expected depre¬ 
ciation rate aie constant, then the firm would be able to lock in a sales 
price two periods from now of (1 — 8 - a) 2 . F.quivalently, the firm 
is equally happy taking economic depreciation in the second period 
or taking certain depreciation of (f — 8 - a) - (I - 8 - a)‘ = (a 
F 8)(1 - 8 - a). The analysis could be continued to show that the 
certainty equivalent of the risky depreciation deductions in period I is 
(a + 8)( I — 8 — «) / " ’. 

To show that such certain depreciation is ex ante as favorable as ex 
post economic depreciation, we vet ify that the required rate of return 
with the proposed stieam of cettain deductions equals the required 
rate of return with ex post economic depreciation. In both cases we 
verify that for a break-even investment ] ' = (r/(l -- t)] + 8 F a as in 

(4). 

For tfie proposed certain deductions, the net present value of an 
extra dollar invested in the asset, including risky cash flows and risk¬ 
less depreciation allowances, can be written as 

y iv on - t)o - 8)' 1 f y t(« + 8)(i - a - 8 y 1 _ , 

fr i (1 + a + r)' fri (1 + r)‘ 

( 10 ) 


Equation (10) verifies that if the marginal product of capital,/'(K), 
equals a + 8 + [ r/( I +■ x)j the expected af ter-tax gross rents dis¬ 
counted at the risky rate of a + r plus the certain depreciation tax 
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shields discounted at the riskless rate make the net present value 
(NPV) of'the investment equal to zero. 

With ex post economic depreciation, we have 


NPV 


y - sr'(i - T) + St(! - &)' 1 | 

h [1 + ot(! - T) + r]‘ 


In (11) the numerator is the hrm’s expected after-tax income in each 
period while the denominator is the rate appropriate to discounting 
these flows, given that the government has taken 100 percent of the 
risk. As in (10) the required rate of return, / '(A'), pretax, to make the 
NPV equal to zero, is a + 8 + [r/(l - t)] —just as with the previously 
desctibcd certain deductions. 


Ex Ante Depreciation Rates as a 
Measure of Economic Durability 

Numerous commentators on depreciation policy (e g.. Hulten and 
Wykoff 1981) suggest the expec ted dec line in the market value of an 
asset as a proxy for economic depreciation. Our work indicates that a 
better measure would be the expected depreciation rate plus the por¬ 
tion of the risk premium attributable to capital risk. (As indicated 
earlier, this is most of the risk premium.) 

Incorporating the capital tisk premium in the definition of e\ ante 
depreciation leads to a more satisfactory measure ol "economic cluiu- 
bility.” For example, other things held equal, a greater proportion of 
the purchase price of a very risky asset will be for near-term < m 1, 11 
than for a less risky asset. Therefore, one would natural 
think of the risky asset as economically less durable. 

Similarly, a change in the tiskless interest rate affects tin 
risky asset as though the risk premium were part of the dt 
rate: a one percentage point inc rease in r decreases the pit 
of an exponentially depreciating constant risk premium 
1 ()()/(r + 8 + a) percent—that is, the “duration" of the asset o . 

+ a). 

1 his analysis has important implications for the issue ol tax neu¬ 
trality between assets of different types. Our conclusion that ox ante 1 
depreciation rates should be equal to 8' + « suggests that current tax 
t itles are likely to disciimiuatc against riskv investments because tbev 
are not allowed higher deprec iation rales. Our analysis also beai s on 
the question of distortion between assets of different cluiabiluv. 
Longer-lived assets are likely to be subject to greater asset price flue ill¬ 
ations than are shorter-lived assets. As a consequente. they mav be 
discriminated against by the lax system. These issues will be explored 
in more detail iij a subsequent paper. 
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V. Implications for Tax Policy Analysis 

I lic foregoing analysis suggests that any realistic description of de¬ 
predation must recognize its stochastic character. In this section, we 
show how the concepts developed above can be used to produce em¬ 
pirical estimates of what ex ante tax depreciation schedule is required 
to correspond to ex post depreciation. Some estimates based on mar¬ 
ket data of the overall rate of depreciation of the capital stock are then 
presented. These are compared with standard BEA estimates. Fi¬ 
nally, the implications of our results for the measurement of effective 
tax rates, and for analyses of the effects of taxation of the choice 
between assets with differing durability, are then considered. 

We continue to rely on the approximation that all risk is capital risk. 
In this case the previous discussion demonstrated that it is appropri¬ 
ate to add the asset’s risk premium to its expected rate of physical 
depreciation in order to determine the appropriate rate of ex ante 
depreciation. Ibis suggests one empirical method of deriving esti¬ 
mates of appropriate depreciation schedules. If data on a time scries 
of used-asset prices can be obtained, and if the assumptions of the 
capital asset pi ic ing model are accepted, the economic depreciation 
rate for an asset can be estimated as 

K = V + (M«„, ' «/)■ (1‘2) 

where h* is the rate of ex ante depreciation, which is the certainty 
equivalent of ex post depreciation, 5; is the expected tale of deprecia¬ 
tion, p, is the asset’s beta, R„, is the return on the market, and R t is the 
riskless iate. 

Unfortunately, we are unaware of any data set extensive enough to 
permit estimation of (3 for any type of used assets. Therefore, it is 
difficult to use (12) as a basis for deliving estimates of economic 
depreciation for particular types of capital assets. However, it is possi¬ 
ble to use (12) to make an approximate estimate of the depreciation 
rate on the total capital stock. Estimates of 8' prepared hv the BEA for 
the National Income and Product Accounts imply an average depre¬ 
ciation rate of 10.5 percent for the nonfinancial corporate equipment 
and structures in 1079. Hulten and Wykoff (1981) obtained lower 
estimates using data on used-asset prices. If it is assumed that the risk 
characteristics of corporate capital are like those of unlevered equity, 
the second term in (12) is equal to about fi percent. Ibbotson and 
Sinquefield (1979) report that the risk premium on the stock market, 
R,„ - R /, has averaged about 9 percent over the last 50 years, l he (i 
percent figure is obtained by assuming a debt-to-market value of 
equity ratio erf one-half as implied by statistics reported in Gordon 
and Malkiel (1981). 
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This calculation illustrates that taking account of risk has important 
implications. These estimates suggest that it raises the appropriate 
average ex ante rate of depreciation from 10 lo 16 percent. Stated 
differently, if double declining balance depreciation is assumed, our 
risk adjustment reduces the appropriate average tax lives from 20 to 
13 years. 

There is an alternative way of calculating the appropriate ex ante 
depreciation rate on assets. Equation (I) implies that in the absence of 
taxation investment will take place up to the point where 

/' - 8' = a + r. (13) 

This suggests that the appropriate rate of ex ante depreciation on an 
asset (5' + a) can be estimated as 

/' — r = 8' + ot. (11) 

That is, the appropriate rate of ex ante depreciation lor an asset is 
given by the difference between its rental price ratio and the risk-free 
rate. The analysis is more complex in the presence of taxation since 
part of the value of a capital asset represents the present value of the 
depreciation tax shields that it carries. We illustrate this below when a 
generalization of (14) is used to calculate the depreciation rate on the 
aggregate capital stock. Data on rental pi ice ratios tor different capi¬ 
tal assets are not readily available. Gordon (1979) estimates rental 
pric e ratios of close to 25 percent implying deprec tation tales of n 
proximately 22 percent on airplanes. This compate* to the I 
of 7.5 percent and an estimate of 18.3 percent by Uulten ai 
(1981). A common rule of thumb in real estate is that pi op. 
for 100 months’ rent. This implies according to (1 1) a dc i 
rate of fi percent assuming that cash expenses including 
taxes plus the riskless interest rate add to 6 percent. 1 h< 

Income and Product Accounts use a much smaller deprec t.u: 

These examples provide further evidence that cut rent measuics 
economic depreciation do not provide a good guide to appropriate 
lax policy, if emulating the effects of ex post depreciation is the de¬ 
sideratum. 

For the economy as a whole, we can make some calculations about 
the adequacy of depreciation deductions. We can write the market 
value of the corporate sector as 

MV, =■ R, + /{,, (15) 

where MV, = market value of the corporate sector at time /, R, = 
ptesent value of^ifter-tax cash Hows if no future depreciation were 
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allowed, B, = present value of depredation tax shields (equals tax rate 
times present value of depreciation deductions). We also have 

R,(\ + i + a) = C, + fc'(« <M ) (16) 

E(R l+l ) = /? f (l - SO. (17) 

where = alter-tax cash Hows produced in period I, less the tax 
savings due to depreciation in the period. Thai is, (16) says that, 
including the cash payout C, and the expected terminal value of the 
capital E{R,+ j), the investor must have an expected return of r + a. 
Equation (17) simply defines the expected depreciation rate as 8''. 
Combining (15), (16), and (17) yields 


ot + 8' = 


C, 


MV, - B, 


(18) 


where a + 8' ts our measure of certainty equivalent economic depre¬ 
ciation. Formula (18) allows us to use aggregate data to estimate what 
we call ex ante depreciation. 

Fable 2 shows the ex post, ex ante, and National Income and Piod- 
uct Accounts depreciation rates for the years 1950-79. The ex post 
depreciation rate is meant to measure the percentage decrease in the 
real market value of corporate physical assets that were held at the 
beginning of the year. The ex post rate was calculated as gross invest¬ 
ment in physical assets by nonfinancial corporations, taken front the 
national balance sheets, less the increase in the real market value 
of physical corporate assets. For any given year, the market value of 
physical corporate assets was taken by adding the market value of 
nonfinancial corporate equity plus short-term and long-term debt 
and subtracting financial assets. 1 he market value of short-term debt 
and the value of financial assets come from the national balance 
sheets; the market value of long-term debt is from Hulow and Shoveu 
(1982), who took the national balance sheet numbers and multiplied 
them by the ratio of market to book value of New York Stock Ex¬ 
change bonds. To calculate the increase in the real market value of 
physical assets in year /, the market value at the end of year I was 
reduced by the market value at the end of / — 1, times one plus the 
inflation rate for year t as measured by the tlNP deflator. The ex post 
depreciation rate, reported in the table, was calculated as the depreci¬ 
ation number derived above divided by the market value of physical 
assets at the end of the prior year, limes one plus the inflation rate. 

Ex ante physical depreciation was calculated using (18). It is the 
after-tax cash flow less the value of depreciation tax shields for a given 
year, C,, divided by the market value of physical assets at the end of 
the prior year, MV, (calculated above), less the present value of all 
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I'ABl.K 2 

Comparative Dm-rkiaiion Kaiis 


Year 

F.x Pom 

Depict ration 

Ex Ante 

Dtpm 1 .U 10 JI 

MPA 

Dt’pr<*< lation 

1950 

1951 
|952 

1955 

195-1 

-.5 

11.1 

7 5 

18 7 
-27.2 

27.5 

29 2 

22.4 

19.3 

23 2 

:»7 

') H 
~) h 
!> 7 
') H 

195.5 

1956 

-4.7 

8 1 

16 0 

12 6 

b 0 
b 

1957 

27.0 

1 1 7 

o 1 

1958 

2.1.1 

11 6 

(4 | 

1959 

7 8 

10 1 

r> 2 

1960 

1961 

10 2 
- 9 5 

9 0 

9 1 

b 1 
h 1 

1962 

1968 

196-1 

17 5 
-4.9 

7 

8 8 

10 2 

9 :i 

b 1 
b 0 

h 1 

1965 

:i 2 

9 6 

b 2 

1966 

21 1 

9 1 

h 

1967 

1968 

- 104 

.9 

10 1 

8 1 

b 2 
h 3 

1969 

25 4 

5 8 

b. ! 

1970 

1 1 1 

6 7 

b ') 

1971 

- 1 5 

9 4 

11 

1972 

2 l 

8 4 


197:1 

:ii 9 

6 2 


1974 

4:17 

8 5 


1975 

-2 6 

19 7 


1976 

2 8 

1 1 0 


1977 

28.1 

1 1 0 


1978 

21 6 

15 2 


1979 

14.5 

13 7 


1950-59 

2.5 

186 

-> -i 

1960-69 

5 :i 

8 9 

(t 2 

1970-79 

14 7 

1 1 6 

h ,S 

1950-79 

7 5 

no 

it 


future depreciation deductions, /(,, minus the real interest rate. "as 
calculated using data from the Economic Repoit ol the Piesidenl 
(Council of Economic Advisers 1982). 1 he formula used was ioi po¬ 
tato profits plus capital consumption allowance with capital consump¬ 
tion adjustment, plus net interest, minus corporate profits taxes, 
minus 0.48 times the sum of NIPA capital consumption allowance 
and the capital consumption adjustment (the latter usually a negative 
number). 

H was compute^by taking WpK from Summeis (1981) and inultipK- 
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ing by the sum of the current cost value of inventories plus property, 
plant, and equipment from the national balance sheets. The ex ante 
depreciation rate was calculated as C,l(MVi - /{,) less the riskless 
interest rate, calculated by subtracting the inflation rate from the 
average 3-month Treasury bill rate. 

Finally, NIPA depreciation rates were calculated by dividing NIPA 
depreciation by the current cost value of all noniinancia! corporate 
tangible assets at the end of the year, as reported in the national 
balance sheets. 

In the table we present some data on depreciation at the aggregate 
level. Since the estimates are derived from market data, they pertain 
to all the assets of the corporate sector, not only those normally 
treated as depreciable. These include land and inventories, which are 
normally treated as having a zero depreciation rate, and account for 
about a third of nonfinancial corporate tangible assets based on infor¬ 
mation in the national balance sheets. This means that the NIPA 
depreciation figures we report are roughly a third lower than the 
composite late on equipment and structures. 

Broadly, the results corroborate the calculations presented so far. 
The mean ex post depreciation rate is 7.5, which is quite close to the 
standard estimates of the rate of depreciation. It is extremely volatile, 
ranging front 43 7 to - 27.2. The mean ex ante depreciation rate is 
13.0 reflecting its inclusion of the risk premium. 

Including the recent Ilulten and VVykoff (1981) used-asset price 
depreciation estimates, we now have four alternative measures of 
depreciation. The highest estimate is ex ante depreciation of 13.0 
percent. This number is much higher than the ex post rate of 7.5 
percent. Bv contrast, both the NIPA and Ilulten and Wykolf esti¬ 
mates are significantly lower than the ex post rate. The NIPA rate is 
0.3 percent, while Hulten and Wykoff are roughly 20 percent below 
the NIPA estimates for 1949—74. 

The 5.5 percentage point diffetetuial between ex ante and ex post 
depreciation is remarkably in line with our prediction. Recall that 
with a risk premium on the market of 9.0 percent and a debt-equity 
ratio in the cot porale sector of V-> we predict a 0.0 percent differential. 
Of course, estimates of the market risk premium include data from 
1950—79. Nevertheless, it is worthy of note that two alternative empir¬ 
ical methodologies of estimating the difference between ex ante and 
ex post depreciation give virtually the same answer. 

I he most striking feature of the data is the increase in the ex ante 
rate of depreciation during the last decade. It averaged 7.8 between 
1970 and 1974 and 15.4 between 1975 and 1979. This increase 
reflects the increased relative price uncertainty in the economy in 
three ways: hrst, the increased risk may have led to increased ex¬ 
pected returns and higher risk premia. Second, increased relative 
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price uncertainty increases the expected decline in an asset’s price 
because the investor is likely to have made a more costly deviation 
from the ex post optimal choice of asset production techniques. 
Therefore, even if investors were risk neutral they would require 
higher rental price ratios because of increased expected economic- 
depreciation. Third, the increased uncertainty about relative prices 
could have led firms to invest in less durable assets—particularly in 
the period right alter the 1973—74 oil crisis when, with new informa¬ 
tion coming in rapidly, firms were no doubt leery of committing 
money to durable irreversible projects. For an excellent analysis and 
discussion of these issues, see Bernanke (1983). 

VI. Conclusions 

This paper makes the argument that analyses of the effects of capital 
taxation must recognize the importance of fluctuations in c apital asset 
pi ices. We argue that most of the risk borne by owners of corporate 
capital pertains, not to the current rentals that are hedged by the 
corporate income tax, but to changes in the relative price ot these 
assets that are not hedged because the tax is levied on accounting 
income. I his means that the tax takes a much larger fraction of the 
return than it takes of the risk on corporate investments. 

We then analyze the role of tax depreciation recognizing that there 
is substantial volatility in the rates at which capital assets lose their 
value. 1 he tax system as currently set up relies on ex ante depict i ■ 
tion allowances rather than actual ex post measures ot depi 
and so does not share in the associated risk. We show that in . 
tic environment the natural counterpart to economic ticj». 
involves allowing ex ante depreciation at a taster rate than 
petted decline in asset values. More precisely, it deprectat; 
unces are to compensate investors for the risks they bear, tin 
of the risk premium in the asset’s expected return that is at ml", 
to capital risk (asset price fluctuation) must be added to expected 
depreciation. 

Our empirical analysis reveals that this adjustment is of substantial 
importance. Using two alternative methodologies, both b axed on 
financial tnatket data, we conclude that the appropriate rate of ex 
ante depreciation to allow in the U.S. nonlinancial corporate sectoi is 
approximately twice that implied by data in the National Income 
Accounts. Ibis suggests that many previous analyses have signifi¬ 
cantly understated the burden ot taxes on corporate capital. It also 
suggests the need for further work in order to assess possible non- 
neutralities between assets of different durability and with different 
risk t haracteristic% 

I he research in this paper could be extended in a number of direr- 
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tions. The current analysis lias ignored considerations of personal 
income taxation and corporate financial policy. We have not yet at¬ 
tempted an analysis of optimal taxation in the presence of capital risk. 
Such an analysis would need to recognise that the prices of inelas- 
tically supplied assets are likely to be more volatile than the prices of 
more elastically supplied assets. We hope to follow the valuable work 
of Hulten and Wykoff (1981) in using data on used-asset prices in 
conjunction with rental price data to derive depreciation rates on 
different types of assets. 

Our analysis also has implications for work on tax reform. The 
scheme we propose of allowing ex ante depreciation deductions at a 
rate that compensates investors for the risks they bear is one of a 
number of equivalent types of tax reform. Similar goals could be 
achieved by including capital gains and losses, as measured on the 
stock market, in the corporate income tax. Alternatively, a tax on 
the net worth of the corporate sector could be employed. In the 
framework considered here, these tax schemes would be very similar. 
In the context of tidier models there would be important differences 
that seem worthy of study. 

I he analysis here also has important implications for research on 
investment. The rate of ex ante economic depreciation appears in 
standard expressions for the cost of capital. Our calculations show 
that the rate increased substantiallv during the 1970s. This suggests a 
possible explanation for the sharp decline in net investment that has 
been observed during the 1970s. 
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A Monetary Equilibrium Model 
with Transactions Costs 


Julio J. Rotemberg 

MiiwuiliuM'lh iH'.htuh’ iif 1 riltiwlofry 


I his paper presents the competitive equilibi ium <»1 an economy m 
which people hold monev lor transactions purposes. It studies both 
the steady states that result (tom different rates of monetary expan¬ 
sion and the ellerts of suth non-steady-statc events as an open- 
mat ket operation. Kven though the model features no uncertainty 
and perfect foresight, open-nut ket opeiations affect aggtegate out¬ 
put In panic ulat. a simultaneous inctease in monev and govern¬ 
mental holdings of capital temporarily raises aggtegate capital and 
output while it lowets the teal rate of interest on capital. 


I. Introduction 

I lte objective of this pupei is to study the competitive equilibrium of 
an economy in which people hold money for transactions purposes. 
As in the models ol Baumol (1952), Tobin (1956), Stockman (1981), 
Jovanovic (1982), and Townsend (1982), hut in contrast to those ol 
Orandmont and Younes (1973), Lucas (1980), and Helpman (1981), 
households are allowed to hold interest-hearing capital in addition to 
barren money. The main advantage of the present model is that it is 
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tions while retaining full responsibility for any remaining eriois I am also giaielul to 
die National Science Foundation lot Us suppoil through giant no SKS-82092t>t>. 1 Ins 
paper and those written independently by (frossman and Weiss (1982) and (uossman 
(1982) contain a vety similar argument. However, the three papers differ in their 
details and should he viewed as complementary. Some of these differences are sketc lied 
in footnotes 2 and b 


j fountfil of Pohlual ttonoim, 1 4 WM, vnl 9‘J, no 1) 

'5 bt I hr l mu-fviiy r*I C tm.igo Ml rights icm'iwH (Miyy. WIN/84/‘fU0I "»0 


40 



MONETARY EQUILIBRIUM MODEL 4* 

able to shed light on the effects of such non-steady-state events as 
open-market operations. 

Households pick the path of consumption optimally from their 
point of view. Because it is costly to carry out financial transactions, 
people visit their financial intermediary only occasionally. However, 1 
do not let households pick optimally the length of the period during 
which they do not visit their bank. For tractability, the assumption is 
made that households have a constant interval during which they 
carry out no financial transactions. 

A crucial feature of this papei is that, as in all free-market econo¬ 
mies, different households visit their banks at different times. '1 his 
leads to conclusions that are strikingly “Keynesian." Government in¬ 
terventions, and in particular open-market operations, have the abil¬ 
ity to af fect aggregate output and the real rate of interest. This is true 
even though the model features no uncertainty, full information, 
perfect foresight, and perfectly competitive markets for goods and 
money. The central finding of this paper is that a one-period mone¬ 
tary expansion leads to a lower real interest rate and a higher level of 
output for some time. 

The paper proceeds as follows: Section II presents the model. It 
shows the maximization problems of the households and the fit ms. as 
well as the institutional environment. Section 111 presents the perfect- 
foresight equilibrium of the economy. It is a difference equation that, 
under cet tain conditions, exhibits saddle-path stability near the Meath 
slate that has positive consumption. Sec tion IV' studies steady-slate 
inflation and welfare. It establishes that the level ol output is mdepc ■ 
dent of the rate of inflation but that inflation affects well 1 
lively by distorting the intertemporal consumption decision 
V is the heart of the paper since it discusses monetary poln 
the steady stale. Finally, Section VI presents some coiuIusk 


II. The Model 

fhere is only one good that can be both consumed and invested 
Total output ptoduced by competitive firms in period t (Q,) depends, 
via a constant-returns-to-scale production function, on the amount of 
labor hired at I and on A.', |. the amount of the good that was pro¬ 
duced but not consumed at / - 1. Since an amount of labor I. is 
assumed to be supplied inelastically. 


A 


Q, = 

Accessia,) in Mo 


er. 


. d.kk.h.Y . 

Date... 


( 1 ) 
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where f is an increasing and concave function. For notational simplic¬ 
ity Q, is total output and includes the depreciated value o f K, [. Work¬ 
ers are assumed to be paid their marginal product. Therefore, the 
total return, denominated in period t goods, from forgoing the con¬ 
sumption of an additional good at t — 1 is given by 1 + p-j, where 1 

l + nr) (2 > 

I here are 2n households. At time I, the households are assumed to 
maximi/e the utility function given by 

x 

V', - X P' ' 1,1 C 'r’ (3) 

T — / 

where C' r is the consumption of household i at time t and p is a 
discount factor. The households have access to two assets, money and 
claims on capital. Money is the only asset with which goods can be 
bought. Moreover, visits to the financial intermediary for the purpose 
of converting claims on capital into money are costly. Therefore, as in 
the inventory theoretical models of Baumol (1952) and Tobin (195fi), 
households engage in these visits only sporadically. In this paper it 
will be assumed at the outset that households exchange capital for 
money every two periods. The assumption that households do not 
change the timing of their financial transactions in response to events 
is made mainly for tractability. Except in stationary environments, it is 
vety difficult to solve for the optimal timing of these visits, particu¬ 
larly when households pick their consumption path optimally. 

Without loss of generality, suppose that household t engages in 

financial transactions in the "even” periods, /, / -t- 2, / + 4.At 

these dates it withdraws an amount M' r of money balances that must 
be sufficient to pay for its consumption at t and t + 1: 

M'r = l\a + /\ + <Cr> ., (4) 

where /' T is the nominal price of the consumption and investment 
good at t. Note that Af* units of money are withdrawn at the begin¬ 
ning of period t and are thus available to make purchases at t , 2 


1 Primes denote hist derivatives, white double primes denote second derivatives. 

2 Grossman (lf*H2) and (Irossman and Weiss (1!)H2) assume instead that money is 
withdrawn at the end ot the period t hus it is only available for consumption the 
following period 
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The lifetime budget constraint of the household at ( is given in 
terms of the household's monetary withdrawals: 




T — 0 ' ' + ‘-' T 


£ YwJ 1 I (1 + r i + i) 

-T — 0 / 1 — 0 


+ A.’! |(1 + r, |) (f») 


0 + r, + l ) 


where K', are the claims on capital of household / at /, H is the teal cost 
of visiting the financial intermediary, and V-, is the noninvestment 
income of the household at t. This noninvestment income includes 
labor income as well as taxes and ttanslers from the government. 
Note that (5) explicitly assumes that noncapital income is ditectlv 
invested in claims on capital. This assumption consideiublv simplifies 
the analysis. 

The optimal path of consumption is found in two steps. Hist. I 
derive consumption at x and x + 1 as a function of M' r . 1 hen 1 derive 
the optimal values of the sequence of monetary withdiawals 
The first step requires the maximization of 

In C' r + p In C' r _ i 

subject to (4). I his yields ' 


( '7<l- n - 

'nl 


(‘ 


P 

1 + p 



Using (7), the expression in (ti) is given by 

In C‘ T + p In C'r n = ( 1 + p) In + p In p 


(1 + p) In (1 + p) - p In 




(8) 




f.quation (8) asserts that the appropriately weighted sum of the 
instantaneous utilities at x and x + 1 increases with M' T il\ but is nega¬ 
tively affected by inflation between x and x + 1. 


I he analysis assumes that llic tioliling.s ol uiiiiicv hv tumsrhoUt i tiom t (o t + I ate 
positive. Mete this is guaiantced by the tail that non positive holdings ot monu\ would 
induce non positive consumption and heme uiilnt equal to minus mhniu Howevei. it 
lalwr income were paid in the toimof monev, the (onMi.uut that inonet.uv holdings be 
nonnegative might become binding 
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Substituting (8) into (3) and using (5). one obtains 


* X 


p In 


(I + p) In 


P i , * +1 


MW, 

P,,t 


P M 


+ p In p - (1 + p) In (1 + p) 

( 9 ) 


This expression must now be maximized with respect to the sequence 
ol' monetary withdiawals subject to the lifetime budget constiaint (5). 
I his maximization yields 


__I _ + P ~( I + >'l + 2k)( 1 + >'i*2k c l) _ 

Mt + 2k/Pi til Mii 2k + ’’/Pi t 2k c 2 


( 10 ) 


as well as the transversality condition found, for instance, in Arrow 
and Kurz. (1970): 


lim 


P ' K‘r 

M'iIP, 


= 0. 


Using (7), (10) becomes 


(ID 


-7“^ =• P'O + 'o«)(l + a*M). (12) 


Note that both (12) and (7) state that the marginal rate of substitution 
times a rate of return is equal to one. The important distinction be¬ 
tween the two is that in (7) the rate of return is the rate of return on 
money, while m (12) it is the rate of return oil capital. Stochastic 
vetsions of (12) have been statistically rejected using aggregate U.S. 
data by Mankiw (1981) and Hansen and Singleton (1982). 'I heir re¬ 
jet lions may be due in part to their neglect of the fact that in the 
piesence of the transactions motive for holding money, the tatio of 
marginal utilities of consumption sepaiated by different time inter- 
\als is related to lates of return of assets with different characteristics 
1 he government m this model has no expenditures. However, it 
levies taxes, issues money, and holds capital. The evolution of the 
capital held b> the government is given by 1 


A'V. i = ('(KWKr 


Mr, 


Mr 


P T. 


+ It * 


( 13 ) 


where 7’ t . i is the leal taxes levied at t f I, KW is the goveinmeni’s real 
holdings of capital at t, and A/ T is high-powered money at t. An 
increase in A/ T j relative to ,V/ T will be called an open-market purchase 


1 Foi simplicity, 1 ignore the t?ansae non costs im lined by the go\ eminent when 
it engages in an o|>en-niai kei opeiation 
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and therefore the domain of monetary polit y. Instead, a simultane¬ 
ous change of 7' T f i and K ^ i will he considered a type ol fiscal policy. 
The government also requires that between periods t and t + 1 
(overnight) the monetary assets and liabilities ol the financial inter¬ 
mediaries be equal to total high-powered money, A4 T . I his is a form of 
a 100 percent reserve requirement in which the only form taken by 
high-powered money is deposits of intermediaries at the central bank. 
Hence, individuals' money consists of claims on the intermediaries 
only. 

Financial intermediaries receive the household’s income and invest 
it in claims on capital. I hey are also allowed to issue a certain quantity 
of money. The intermediaries are compensated for their services with 
the brokerage fees, H, of (5). Their function can best be understood 
by following their transactions in detail. 

Between periods t and t + 1 the financial intei mediaries ha\e as 
ilieir assets (he household’s claims on capital as well as M r units of 
money. Their liabilities are the household's claims on capital and the 
monetary assets of the households. The households that visit the in¬ 
termediaries at r 4 1 do not carry over anv money between t and t + 

1 if the nominal rate of interest is positive, whic h is assumed through¬ 
out. So the monetary liabilities of the intermediaiies between t and t 
+ 1 consist solely of the amount witlidtuwn but not spent In the 
households that visit the intermediaries at t. I hc.se liabilities cannot, 
by law, exceed A/ T . 1 he intermediaries would, of course, like to issue 
more money as long as the nominal rate of interest is positive 

At the beginning of t +■ 1, the financial intermediaiies is- 
ever amount of money ( nM\ + w here ii is the number of la 
is required by the households tint visit them at t + 1 Mi 
their nonmonetary assets and liabilities have grown since- " 
now must pay interest on their debt as well as pav the la 
their labor income. Both these pay incuts arc made ihiough n 
mediaries. I herefore, the intermediaries’ consolidated balance sta 
measuted in nominal dollars is given In table 1. where Kt' and 1.tie 
the amount of capital owned by the private sector and labot income at 
t. respectively. 
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During the period t + 1, the households make purchases whose 
total value is l‘ J+ |fJ T+] , where (i T+ i is total consumption an + 1. 
These purchases are paid with money that the firms return to the 
intermediaries at the end of the peiiod in partial payment of their 
obligations. The films also sell, for money that they likewise return to 
the intermediaries, (Af T , , — M T )IP r+ , units of capital to the govern¬ 
ment. Finally, the government levies taxes directly on the nonmone¬ 
tary assets held by the households at the intermediaries. Therefore 
the consolidated balance sheet of the intermediaries at the end of t + 

I is given by table 2. 

The government requires that the monetary liabilities be equal to 
A/ T + ,. Thus, mA/t+i = l\, ,(; T+ , + A/ t+ i — Af T . Substituting for 
n.\l' T , | in the nonmonetary liabilities, it is clear that the nonmone¬ 
tary liabilities equal the nonmonetary assets. Moreover, 



- 1 > 


(AT + a; 


'((-') + l, 

1 _ A’V+ ] ( J T 1 I 

\ /. / 



(H) 


= /\ + t«£T. I - c T+1 - A";,,) = 


t I' 


where the first equality is obtained using (13). 1 he second equality 
follows from the fact that AT + AT = A' T and that, under constant 
returns to scale, the value of output is equal to factor payments. 
Finally, the last equality results from using the identity that makes 
output, Q r . equal to consumption, C. T , plus investment, K r . Hence, 
again, the nonmonetary assets and liabilities ot the intermediaries 
between t + 1 and t + 2 are equal to the private holdings ot capital. 

I also assume that half the households (n) visit the intermediaries in 
the even pet iods /, I + 2, / +- -t,. . ., and the othei half tarry out their 
financial transactions in the odd periods. File fact that only a subset of 
the households visit financial intermediaries in any given day is one of 
the main features of reality that this pa pet seeks to reflect. It also is a 
feature of the steady states studied by Jovanovic (1082). It turns out 
that the assumption that households stagger their financial transac¬ 
tions is crucial to ensuie that open-market operations have real ef¬ 
fects. 


III. Equilibrium 

The equilibrium for this economy is a path for the price level and for 
the real rate of interest such that households maximize utility and 
firms maximize profits using these prices and the following two condi¬ 
tions are met. 



I 
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1. The sum of consumption and capital demanded at t by the 
households and capital demanded by the government at t is equal to 
output at t: 

c, + K 1 ; + At = //(At-). (15) 


2. The amount of money that households that visit the inter¬ 
mediaries at t want to hold between t and t + 1 must be equal to A'/ T . 
Hence, the total expenditures at t +■ 1 by households that visit the 
financial intermediaries at t must be equal to A/ T . 

Let C T r and Cl 1 be the consumptions at t of households that visit 
the financial intermediary at t and t — 1, tespectively. Then condi- 


lion (2) requires that 

»r,c; ' = a/ t 

(K3) 

Thetefore, using (7), 

HfiPjCl = Mr- 

(17) 

l herefore. 

/-T - 1 _ PMt 1 i - t 

1 ~ A/ t t ’ 

(18) 

and aggregate consumption at t, f.’ T , is given by 


I 

,v - „(, c e^)«. 

(19) 


L'sing (19), (II), and the e(|uiltl>iitim condition (15), one obtains the 
difference equation that governs the evolution of aggregate capital: 



_ 2 I + p(,\/ T ,/,\/ T t ) 

A _ , t — O- 

I + p( A/ t /A7 t , ,) 



x 



( 20 ) 


T = t — I , t , / + I. 

Knowledge of the sequence ot capitals provides the sequence of rates 
of return by (2), the aggregate consumptions by (15), the sequence of 
individual consumptions by (19), and the sequence of prices by (17). 
I he equilibrium is thus a third-order nonlinear difference equation 
with, so tar, only one initial condition, namely. A’, i- It will be shown 
below that equation (20), which is a necessary condition for an equilib¬ 
rium, establishes that open-market operations are nonneutral. Before 
studying this question, however, I focus on the existence and 
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uniqueness of an equilibrium that converges to a steady state with 
positive consumption. As long as Af T /M T+ t converges to a constant, the 
steady-state values of capital (A.'*) have the following property: 


//( K * ) - A* 

1 - P 2 



L \ L ) 


L \ l h 



The steady-state values of A' do not depend on the rate of monetary 
growth. There are two types of steady states. Those with zero con¬ 
sumption are such that output Lf ( K*/L ) is equal to investment, A*. 
These are ruled out by the transversality condition (11). 4 he only 
steady state with positive consumption has the propel ty that p f'(K) = 
1; the product of the discount rate times the marginal product of 
capital is unity. Unfortunately, I cannot establish the existence or 
uniqueness of paths that converge to A. I can only present a local 
result, namely, that the linearized version around A of (20) is such 
that, under certain conditions, a unique path that converges to A 
exists. The linearized version of (20) around A, assuming money 
growth is constant, is 



or (1 - X|/-)(l - X_>/.)(1 - X t /,)(A ' t - A) = 0. whete / 
operator and the roots \|, Xs>, and X| have the following p> 





X |X^ 


+ XoX 1 -t- X1X j 
X1 + X/ + X( 


- -1 -t- 





Inspection of these equations reveals that one of the roots, s.n X,. is 
equal to minus one/’ while the other two roots are such that (X_> 
l)(X, - 1) is negative, X-^X* is positive, and (X 2 + X-,) is positive Thete- 
fore, X >2 and X ;1 are both positive and lie on opposite sides of the unit 
circle. 1 here is one stable root, say Xv This root corresponds to the 


I o see ih.it one ol the mots is ct|tt.il to minus out-, it sullurs lot lift k th.it in {'2 1) one 
(the tnelhricnl of K ,, ,) minus the torthuem ot K,,... plus the coi lfk u nl ot K,, , minus 
the toclhticnl of X', is4r<|ttal to /no 
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initial condition that gives, at /, the historical level of A',_). The root 
bigger than one, kj, is such that, if the initial conditions are not chosen 
correctly, K either explodes or implodes, contradicting the transver- 
salily condition (1 1). The third root, \|, must ensure that the path is 
feasible not only for the economy as a whole but also for the two types 
of households. This initial condition can he obtained as follows. Using 
(10) and (7) for a household that withdraws money at /, (5) becomes 

0 + p) ,./ 

1 p~ 


where , T and A l \ are the noncapital income earned at / + t and the 
capital holdings at t - I of an agent who visits the intermediaries at /. 

1 he sequence of V’s in (22) is endogenous, so (22) is not an appropri¬ 
ate initial condition. Instead, consider the difference between C\ \ j 
and (■',( 1 + r,), where C, is given by (22) and C',t ! is given by the 
corresponding equation for the individual who goes to the inter¬ 
mediaries at / + I: 


T - I 


= IX v+r 

It -O 

- [t «/Tl 

l- T 0 / I- 0 
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‘Jr I 


(1 + r l+ , 
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( 22 ) 
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Assuming K, is equal to Y[' ignoring the transaction costs Ji, and 
using (19) this equation becomes 


1 + p | Lf {k,ll.) - A,, i _ l'(K,IL)\LI{K l ] IL) - AM 
" 1 1 + p(M,/M, + |) 1 + p(A/,- ,/M,) 


= (A'/ ! 


K‘, 


»/■(■¥■)/■ 


k, 


(I - P 2 ), 


(23) 


which is another initial condition. 

Unfortunately, as pointed out by Samuelson (1947), for instance, 
the presence of a root with modulus one in the linearized equation is 
consistent with both stability and instability of the nonlinear equation. 
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The higher-order terms matter. The oscillatory root could “corre¬ 
spond" to convergent, oscillatory, or divergent behavior. In other 
words, the stable manifold of (20) can be either two- or one- 
dimensional. In the former case, the initial condition given by (2!-$) 
ensures that there is a unique equilibrium that converges to A'. 1 ’ In the 
latter case, there may exist no convergent equilibrium that satisfies 
(23). 7 In other words, the path that converges to K may not satisfy 
(23). However, this convergent path will still be an equilibrium it the 
government carries out lump-sum transfers that ensure that, even¬ 
tually, the wealth of the two types of agents is the same so that con¬ 
sumption is constant. 


IV. Inflation, Steady States, and Welfare 


In Section III, I established that there is no 1 obin effect in this model. 
Independently of the value of ,U, + t /A/,, the unique steads-state value 
of the capital stock that involves positive consumption is A' I his does 
not mean that inflation has no real effects. In particular, the steadv- 
siate rate of growth of the money stock affects the path of individual 
consumption, the level of welfare, and the income velocitv of money. 

Before studying the effects of inflation, however, it must be ascer¬ 
tained that an inflationary path is consistent with the government's 
budget constraint (14). I will assume that the government lets the 
money stock grow at the rate m so that M r /M T i - I + m. With the 
new money, the government buvs capital, which it icdistiibutes in 
lump-sum fashion. These lump-sum redistributions affect none of 
the conditions used to derive (20). So the amount of capital ! 
the government can be atbitrarily set to some constant. 

I now compute the rate of inflation, which cot responds r 
rate of growth of money. Equation (17) establishes that tin 
state rate of inflation, -tt, is given In 


/Vi 

/\ 


1 + 


Cl 


Cl 


where in the steady state neither (.'l nor (.’l 1 depends on t 
tore, using (18), 


1 + tt = 


Mr 

Mr-, 


+ W. 


I (let e- 


12 a) 


“ (.!ossni.ln (1982) and Oiosslil.in and Weiss (1982) omsidri a situation colli no 
capital and in winch output is constant In then model, tin- use ill.nm\ mot is aluavs 
convergent 

the piopeilics o( ccpulibtia in this case ate unknown However, it is possible that 
the equilibrium settles clown to an oscillation between two lee els o| capital K and K 
such that p 2 /'(A')/'(A) is cc|ual to one Such use illations s.uists (29) as long as con¬ 
sumption oscillates between A/(A'//.) - K and /./(A /.) K 
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The rate of inflation is equal to the rate of monetary expansion. Note 
that the model is quite consistent with the rate-of-return dominance 
of capital over money in the steady state. The rate of return of the 
former is (1/p) - 1, while that of the latter is - m/( 1 + in). 

By (24), the ratio of consumption on the date of financial transac¬ 
tions to consumption in the following period is (1 + m)f p; it rises as 
inflation rises. Therefore, inflation distorts the intertemporal con¬ 
sumption decisions. It leads people to consume more right after they 
withdraw money and less in later periods. 8 The late ot deflation, 
which is such that intertemporal consumption decisions are optimal 
from the point of view of society, is 1 — p. As Friedman (1969) 
proposed, the rate of deflation must he equal to the discount rate. 
'This result was also obtained by (ovanovic (1982) in a model in which 
money is held for transactions purposes but in which people, while 
[licking the timing of their visits to the financial intermediaries opti¬ 
mally, do not pic k their consumption path optimally. Here it can be 
shown as follows. Consider a social planner who wants to maximize 

V p T '[a In + (I - ot) In Cl ’] (26) 

T - | 

subjert to 

K 7 - f.l (-y— ) - m(C t t + Cl ') - »«, (27) 

where a is a weight between zero and one. This social planner max¬ 
imizes a convex combination of the utilities ol both tvpes of consum- 
eis subject to society's budget constiaint. 1 he plan that maximizes 
(26) satisfies C.\ - (oc/(l - ot)|<7.? 1 and 

Cl, I = p/'(-^y-)c;. (28) 

In the steady state in whic h p/ '(A.' T //.) is equal to one, consumption 
is constant. Indeed, this is precisely what occuix in the decentralized 
ec onomy with money as long as, in (7), p/',//•’,, j is equal to one. 1 Ins in 
turn requires that m be ecpial to (p - 1) as claimed. 

1 lowever, there is a problem in sustaining the ecjuilibnum with K = 
K when m is equal to (p - 1). I his piohlcm arises because at this 
equihbiium money and capital have the same late of return. There¬ 
fore households would prefer to withdraw money at the beginning ol 

H 11m has also Inin noted hy Jovdiiovn (19H2) I Ins elfcct is likely to lie even mote 
pronounced on consumer expenditure when thru* are durable goods, «tnd consumer 
expenditure ran be diffcicnt from consumption In this paper, consumption and con¬ 
sumer expenditure coincide hy assumption. 
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their lives in the amount equal to the present discounted value of 
their income. Then they would avoid all visits to their bank and associ¬ 
ated transactions costs. This would result in no capital being available 
in this model with 100 percent reserves. It may well be the case that, 
with a smaller reserve requirement, the equilibrium would be sustain¬ 
able. In any event, note that, as long as m is just slightly bigger than (p 
- 1), the equilibrium of this model is essentially equal to the Pareto 
optimum and does induce people to hold K units of capital. 

Inflation induces people to consume less in the peiiod in which they 
do not go to the bank. Therefore, Af T // J TVl , which is equal to (his 
consumption, falls. However, surprisingly, in this model M 7 IP T actu¬ 
ally rises with inflation. This result is undoubtedly due in part to the 
fact that people do not go to the bank more often when inflation rises. 
It emerges because, even though people want to reduce ,V/ T // J T - 1 , they 
must increase M T /P T to ensure that inflation does not reduce M r /I\ . i 
too much. The result can be established by noting that equation (18) 
says that Af T //% is proportional to consumption in the pei iod in whit h 
people visit the financial intermediary, liy equation (19). this con¬ 
sumption does indeed rise with inflation. 

V. The Nonneutrality of Monetary Policy 

1 he main purpose of this paper is to study conditions outside ih 
steady state. First, it will be established that a wide \aiiei\ ol m 
policies (or open-market operations) affect aggregate outpu 
the consensus ol textbooks, such as Branson (1979). How. 
view has recently been challenged by a v.uietv ot authors n 
lace 1981; Chamlev and Polemarchakis 1983). These anil, 
shown that in models in which money is held only for its rate 
characteristics, open-market operations are neutial. Admit 
premise of these models—that money is not late ot return d< 
by other assets-—appears to be a bad description ot tree-m.u k< i 
omies as we know them. I'he proof that open-market opeiations i.u 
affect output in the economy of this paper is straightfoiwaid. ( .<>n- 
sider a base path for money and taxes, (Af T ) and {7,}; then the equiltb- 
i inm sequenc e of capital {K,\ must satisf\ (20). 

Now consider a slightly different financial policy foi the govern¬ 
ment. At /, unexpectedly, the government purchases some extra c api- 
tal by issuing € units of money. I hen, at /', the government engages in 
the reverse transaction: it sells e[Ii(_,' /' (K r /I.)]/P, units of capital. 
Therefore, the path of taxes remains unchanged, but between t and /' 
the path of money is replaced by {A7 T + e}. After T. the path of money 
is given by {A7 T + e[ 1 — P r Ilf*, / '(K,/L)\/P,}. Then, it is clear from 
(20) that it, in the yew equilibrium, capital remains unchanged from 
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{X' T } at l and I f I, it will have to be different from K l + 2 at l + 2; 
monetary policy affects output. 

The intuition behind this result is as follows. Suppose the open- 
market operation had no effect on prices. Then the paths of con¬ 
sumption would be unaffected. However, the people who visit the 
bank at t would not want to demand the increased amount of money 
balances. If, instead, any rate of inflation after I were affected by the 
open-market operation, then by (7) some individuals would change 
their consumption path. Finally, suppose that only the price at I was 
affected by the government’s change of financial policy. Then the 
consumption of those who visited the bank at I — 1, which is given by 
M,- j IP,, would be affected. So the nonneutrahty of open-market op¬ 
erations hinges crucially on the fact that not everyone visits the bank 
on the day of the operation. 

I am not just interested in establishing that monetary policy is non¬ 
neutral. Instead 1 want to characterize its effect. To do this for gen¬ 
eral policies, it would be necessary to solve the nonlinear difference 
equation (20). Two simpler approaches are pursued here. The first is 
to simulate the unique nonexplosive path given by equation (20) and 
the initial condition (23). This nonexplosive path is obtained numeri¬ 
cally by assuming that /. is equal to one, the production function is 
given by Qj ~ K,‘ ’, and p is equal to .90. The steady state of this 
economy lias a capital stock of .30(194. I assume that in peiiod 0 the 
economy is at this steady stale. Therefore (he difference in the hold¬ 
ings of capital of the two types of people at zero, n (K „ - AT/>), is given 
by p(Ai -- /(AT)|/( 1 + p). Figure 1 presents the path of capital that 
ensues from a 2 percent increase in the money stock that octuis 
unexpectedly in period 1. This path is obtained by searching over 
different values of A'/. For each value of K j, (2.3) is used to obtain K~> 
and (20) is used to obtain the latter levels of capital. Values of K\ 
slightly lower than those reported lead to implosions in capital, while 
slightly higher ones lead to explosions. Interestingly, for the parame¬ 
ters I considered, the system does not tend to oscillate. Figure 1 shows 
that the monetary expansion increases capital, albeit by a small 
amount. Capital then slowly returns to its steady-state level. The intui¬ 
tion behind these results is the following. When the quantity of money 
is increased at r, the price level rises. This decreases M r \U\ and 
therefore reduces Cl, '. This fall in the consumption of those who do 
not visit their bank at t raises capital and hence output in the follow¬ 
ing period. This explanation suggests that monetary polity may de¬ 
rive much of its power in this model from the assumption that those 
people who visited the bank at t — 1 do not change their pattern of 
bank visits in response to inflation at t. How much people who had 
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not scheduled a visit to their intermediary at t would reduce (heir 
consumption in resjjonse to inflation at t if they were fiee to pick the 
timing of these visits optimally is an open question that deceives lui- 
ther research. 

Figure 2 shows the effects on the path of capital of a 2 1 
increase in the money supply in peiiod 5 that is announced 1 
1. Capital and output immediately begin to fall and mutin' 
until period f>. I lien they both jump up. I his jump is not sigh 
smaller than the one produced by an unexpected monetun 
sion. The low level of capital in the period just preceding tL 
lary expansion can lie explained as follows. The monetaiv exp. 
leads people in peiiod -f to expect high inflation Theiefoic. da 
households that visit the intermediaries in period 4 consume a dispio- 
[Kirtionate amount at 1 and thus lower the capital stock 1 he (all in 
the capital stock the moment the future monetary increase is an¬ 
nounced has an unexpected consequence. It means that output in¬ 
creases more when an unexpected monetary inject ion's effect on gov¬ 
ernment capital is expected to be neutralized bv a Inline open-market 
operation than when it is expected to fie neutralized bv giving equal 
lump-sum transfers to the entire population. 

The second approach is to compute the solution using the linearized 
versions of (20) and (23) around the steady state. Assuming that /. - 
1 and that g,, :1 , which is given by | J (K) - A]{[1 f p 
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A/ r , i)]/[ 1 I p(A/ r /A/ r , |)J - 1}, is dose to zero, the linearized version 
of (20) becomes 

(1 + /.)(1 - Md(l - A t /.)(A T + •, - A) = (29) 

1 he nonexplosive solution of (29) is given bv 

(A, A) = -- A) + A( - 1) T 


_ii_v 17 J_)' 

1 + A_> .\A_>/ 


( - 1 )' i'o/th 


(30) 


where A must be picked to satisfy the version of (23) that is linearized 
at the steady slate' 1 


(A'/, , - A') - (2 J '(A) - p/"(A)[/(A) - A|}(A, - A) 

+ {f'(K) 2 - (1 - p)/"(A)[/(A) - A]}(A, , - A) (31) 
= ~f'( A)^, ca¬ 


using (30) for ( and ( + 1, assuming t is even, and substituting in (31), 
one obtains A: 


11 For Mritplnily, (31) ignores money growth between t anti t + 2. 
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A = 


X 3 + f'(K? - (1 - p )f"(K)[j(K) - K] 


- X. 


(A, , - A ) 


+ 


r /'(A) 


X 2 d 



+ 


t 

1 + X .*2 



(32) 


X 1 )'*+/•* 


/{ = 1 - At + 2 /'(A) - p f"(K)[f(K) - A|. 

An unexpected increase in money at t raises g, f2 and leaves all g T ’s 
for t greater than I + 2 nnaifected. So, it raises A, by [/'(A) + (1/X,)]/ 
B. Assuming the same technology and monetary slunk thai lead to 
figure 1, the change in A', is .0007858. This is veiy similar to the 
change of .000778 computed to arrive at figure 1. However, since, in 
the linear approximation, A is equal to .0000062, the linear approxi¬ 
mation exhibits small oscillations in the steady state that are absent in 
the nonlinear system. If the linear approximation is forced to con¬ 
verge by choosing A equal to zero, the change m capital at I is 
.0007826. So, even though the presence of the unit root implies that 
the linearized system is not, as a genetal title, a good approximation 
to the behavior of the nonlinear system, it appears to give reasonable- 
answers in the context studied here. 


VI. Conclusions 

l he model of this paper is a modest step tow-aid the constt r 
tractable and realistic general equilibrium models capable 
cling light on the effects of non-steady-state monetatv chan 
major advantage is that people’s motive for holding mouev is i sp- 
itly that money is used for transactions. In particular, in those pci mds 
in which households do not visit their banks, they are faced with an 
extreme version of the “Clower constraint": they must pav for theii 
purchases with money carried over from the previous period. 1 Ins 
ensures that monetary policies that expand money and pi ices reduce 
the teal consumption of those households that do not visit their 
financial intermediary on the day of the monetary expansion. This 
fall in consumption raises capital and output in future periods. 

A number of issues are raised by this paper. First, an important 
question is to what extent the power of monetary policy would be 
diluted if people timed their visits to intermediaries optimally. Associ¬ 
ated with this question is the empirical question of whether people in 
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fact do significantly alter the interval during which they refrain from 
visiting their bank as events change. 

It is hoped that the framework of this paper can also be used to 
study the effects of various institutional setups on macroeconomic 
activity. In particular, it should be capable of shedding some light on 
the difietence between commodity standards, fractional reserve stan¬ 
dards, and the 100 percent reserves standard of this paper. 
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United States: Trends and the Effect 
of Labor Force Growth 
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We analyze (lie variance ol log eai mugs is it Inn lalxn Ion e lohoi is of 
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and unemployment A model ol human capital investment is u 
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There is substantial evidence of an increase in relative earnings in¬ 
equality among II.S. males over the last 10-20 years. Henle and Rys- 
tavage (1980) report that the overall and occupation-specific disper¬ 
sion o( annual male earnings in the Current Population Survey (CPS), 
as measured by the Cini index, has increased steadily over the period 
1958-77. An alternative measure of relative inequality from the same 
data yields a similar result. Plotnick (1982) calculates that the variance 
ot the (natuial) log of annual male earnings giew at an annual rate of 
2 percent over this period. 

Recent changes in the age structure of the labor force provide two 
simple explanations for this growth in relative earnings inequality. 
First, both Freeman (1979) anti Welch (1979) report a rise in the 
earnings of experienced workers relative to inexperienced ones and 
attribute this finding to the labor force enti v ol the 1950s baby boom. 
This change would tend to increase the variance of log earnings be¬ 
tween experience cohoits. Second, Mincer (1974) Inis shown that the 
\aiiance ol log earnings within cohoits differs across levels ot experi¬ 
ence. 1 Hence, the retent “younging" ol the labor force may have 
increased the propoition of adult males in the typically high variance 
(early) yeais.' 

The first objective of this paper is to provide evidence that shows 
that neither of the straightforwaid demographic factors above is 
sufficient to explain the growth in earnings inequality. Data from the 
('.PS indicate nontrivial growth in the variance ol log annual (anti 
weekly) earnings within experience cohorts even aftei the levels of 
edmation, experience, and unemployment .ire controlled for. The 
second objective is to explain this rise in within-cohoit inequality via 
the response of human capital investment to changes in labor force 
growth rates. Specifically, it is argued that the children of the baby 
boom fate the prospect ol a relatively high rate of return on human 
capital investment due to the depressed wages caused by (heir labor 
force entry and the projected large decline in labor forte growth rates 
during the remainder ot this century. A formal model ol human 
capital investment is used to demonstrate how the resulting change in 
both the average level and vaiianceof human capital investment may 
account tor the recent growth in the dispersion of earnings. 

Our primary purpose is to improve our understanding of earnings 
inequality and, in particular, the influence of labor fort e growth. In 


1 I his result is tonsulcirtl iniietjucnllv in discussions ol test statistics fioni studies 
ol wages dud earnings, whirh typically assume a homos* cdasiK eiror summit’ 

-'See Paglm (1975) foi a discussion of this issue in the context of the family and 
personal income distributions. 
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doing so, however, we extend the scope of the literature on age struc¬ 
ture and the earnings distribution by incorporating into our theoret¬ 
ical analysis the impact of demographic phenomena on investment in 
human capital. 

The paper is divided into live parts. In Section II, we briefly review 
the literature and use the CPS data to demonstrate the increase in 
relative earnings inequality within labor force cohorts. In Section III, 
the life-cycle model of human capital investment proposed by Ben- 
Porath (1967) is used to derive predictions concerning the impact of 
changes in labor force growth rates on the within-cohort variance of 
log earnings. In Section IV, these predictions are tested and generally 
confirmed by the CPS data. Section V' provides a summary and con¬ 
clusion. 


II. Review of Previous Analyses and New 
Estimates of the Life-Cycle Profile of the 
Variance of Log Earnings 

A. Pii<» Studies 

Mincer (1974) piovides one of the first analyses of the iife-<v<le be¬ 
havior of the variance of log earnings among the members of a gi\ en 
labor force cohort. 1 He assents that the shape of the life-cult- pudd. 
will depend on the correlation, within the cohort, between tv 
vicinal characteristics: the log of earnings capacity at the st.n. 
market work life (henceforth initial log earnings capacitv) ,i 
proportion invested of the stock of human capital. 1 Constdei 
composition of the variance of log cainings for a given robot t 
variance conditional on initial log earnings capacity (the within 
variance) and the variance between groups of individuals with dun i 
ent initial log earnings capacities (the between-group vattance) 
Among individuals with identical initial earnings capacities, the ob¬ 
served log earnings pioliles of the more intensive investors will ex- 


' (.Inswii k .incl Mine er (I072) pci ten nice) ,i tnuc-sci it-s .male ms ole Ii.mirc-s hi die lutul 
variance of log income aiiioiin US males. I’loemek (1082) lias updated tins Muds 
ie*e entlv using data oil cal mugs m addition to me nine Holli SI tidies f(M us on i tia life's in 
die variance brturni e olioi Is elcfuicd In cdueanon and expel icne e Spec die alls. nenliei 
sludy investigates die lite-evele behavior ol mecpialin and. indeed, berth rsplimlv as¬ 
sume dial die relaliv e dispel sioii ot e.u iuiihs vs itliin latioi lone e oliui is is inciepeiidc ill 
of the level ot expeiienee and education I lie validiiv of dns in.uiil.iineil assumpiion is 
stinngly ( hallenged In die later ssoi k ot Mincer (1071) and the estimates piesenleel m 
I his paper. I leiie e, I’lolnie k's finding ol "no Mgnilic ant Irend’’ ill die lol.il v.n lance ot log 
eat nings may simply teflee 1 die .iggicgalc n.iluic ot Ills measuie ot mccpidluv lomhmed 
vsilh die strong secular tiends tli.it chaiaiien/e many ot Ins independem v.mables 
1 [hioiiglioul lliis papei^imlial e.nmill’s capac ity will icier to the stall ol die nidi kt'l 
work 111e i.idler than to die human capital investment hie 
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hibit lower intercepts and steeper slopes. The within-group variance 
declines with expeiience until "overtaking” and then increases, thus 
producing a U-shaped life-cycle profile. 

The life-cycle profile of the beiween-group variance depends on 
the coi relation between initial log earnings capacity and the propor¬ 
tion invested of the stock of human capital. The mean log earnings 
profiles of groups with different initial log earnings capacities will 
diverge over the life cycle if the proportion invested of the human 
capital stock is positively correlated with the initial stock. Such diver¬ 
gence will cause the beiween-group variance to increase with experi¬ 
ence. By the same reasoning, a zero (negative) correlation between 
initial stock and proportion invested would lead to parallel (conver¬ 
gent) profiles and a constant (decreasing) beiween-group variance 
with respect to experience. 

The life-cycle profile of the variance for the full cohort depends on 
the pattern and relative sizes of the within- and beiween-group vati- 
ances. A sufficiently positive (negative) correlation between the log of 
initial earnings capacity and the piopoition invested of the stock of 
human capital will result in an in< l easing (decreasing) total variance 
cner the life cycle. A correlation bounded sufficiently dose to zero 
(see Mincei 1971, p. 103) produces a U-shaped overall profile. 

Using annual earnings ol white males from (he 1/1000 public use 
sample ol the 1960 census, Mincer found that such variance profiles 
tend to be decreasing in experience for the least educated, U-shaped 
for high school graduates, and increasing in experience loi college 
gi actuates. The implication is that the correlation between the log of 
initial earnings capacity and the proportion invested ol human capital 
is a positive func tion of education. However, other studies have typi¬ 
cally estimated U-shaped profiles with a variety of data sources, for 
example, Schultz (1975), Smith and Welch (1979), and Hause (1980). 

B. Data, Estimation Methods , and Summary Measures 

Our first objective is to use data from the CPS for March 1968-79’ to 
verify precious findings and to test for the existence of increases in 
the variance of log earnings within education-experience categories. 

Our sample is restricted to civilian males between the ages of 16 and 
62, not currently in school (as major activity last week), who either 
worked 50-52 weeks in the previous year oi report the reason for 
working fewer weeks as something other than being in school or 
retired. Those self-employed or working without pay are also ex- 


' hath suivey provides data tor earnings in the- previous year 
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eluded. Finally, we follow the strategy used by Welch (1979, p. S68) to 
oinit those persons who had, or were likely to have had, earnings 
levels imputed by the Bureau of the Census. 

Our sample contains 304,177 individual observations from the 12 
surveys. For each year, these data were grouped into education- 
experience cells. The four education categories used were the follow¬ 
ing: less than 12, 12, 13-15, or 16 or more years of schooling com¬ 
pleted. As is well known, the CBS provides no direct information 
concerning labor force experience. Welch and Gould (1976) used 
data from the 1940, 1950, 1960, and 1970 censuses of the population 
and the Colemati-Rossi sample to estimate labor force entry age tor 
males conditional on observed age, education, and birth cohort. 
These data were kindly provided to us by Finis Welch. Current age 
minus estimated labor force entry age was used to allocate individuals 
to (single-year) labor force experience categories.*’ The tola! number 
of education-experience cells was 1,960, each one containing at least 
50 individual observations. 7 

Table 1 presents the total, the between-cohort, and the average 
within-eohort variance of log annual and weekly earnings for each 
year of the sample. All measures exhibit a positive trend, although 
this is weakest fot the within-eohort variance of log weeklv earnings. 
Table 2 provides averages of the wilhin-cohoit measures bv vear and 
education. 1 he upward trend for weekly earnings is more mat ked <••• 
individuals with less than 16 years of education. 

We now turn to regression analysis in order to sutnmai 
succinctly the telationship between within-eohort earnings n. 
and education, experience, and time. It is assumed that tin 
tion variance of log earnings is a linear function of exogeu 


1 he number of experience cells differed In education level in die following in.m 
nci less than 12 )cais of education—4b experience cells. 12 \e.us of ediu.ifmn 12 
expeiien<e cells; 13- 15 \ears of education—3d or -10 expeiience cells, depending on 
thesuivey )eai; 10 or mote \eaisol cdutalion—-30 oi 37 exponente cells, depending 
on the sui ve> vear 

' Sample si/e precluded sepatate anahses In nice Xumcious education-expei lenc e 
cells had less than 10 blacks Smith and Welt h (1970). using IdhO.md 1070census data, 
hnd that black males have a larger mean variance of log earnings than do whiles hut 
similar expeiience profiles. One .solution to this problem would he lo use run the 
ohseived variance of log earnings as a dependent variable but the vaiume pi edit ted 
f mm the sample regression function of log eai nings loi each late lheiatiei appioach 
would also pemui use of data soimes with repealed ohsci vat ions and a latgei number 
of observed determinants of the earnings disliibulion Ilowevei. the analvsi> of the 
variance of log earnings undouhtedlv would lx*come cjuite sensitise to the functional 
foim of the initial earnings regression Our (1*S data provide the advaiuagesot vciv 
large sample si/c and functional flexihiluv in estimating the condmon.il vananceot log 
car nings. 
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ablex. Hence, the sample log variance can be expressed in the follow¬ 
ing forms: 


In var AE„ = «„ 4- «, exp,, + a> expf, + a W, + a,/ 
+ ctzt x exp,, + 

In var WE,, = p 0 4- p, exp,, + 0 L > expf, + p ( {/, + p,f 
+ Pr,/ x exp„ + P «PT„ + 


(I) 

(' 2 ) 


where AE and WE are annual and weekly re.il earnings for die /1li 
expel ieiu e cell in I he nil year, U is die male unemployment rate, t is a 
time trend, and E'E is the proportion of normally pait-tiine (week) 
workers. 11 earnings are lognormally distributed, then e j, and (.•>„ have 
a gamma distribution in small samples but an (approximate) asymp¬ 
totic normal distribution. s 


H l hi* sample variance is constrained to he nonnegattve Heme the asymptotic distii- 
bulion can never be exac rl\ noi inai, bill the i eiuial limit them cm justifies tins appi oxi- 
matiou The variance of log earnings obviously can only he estimated tor nonzero 
earners One rharaiteiistic of oui sample is the giowlli over time m the propoi lion of 
otherwise valid observations with zero earnings For the higher educational categories, 
this proportion is relatively small For high school dropouts, however, the pel tentage 
of zero eamcis rose from b percent in 19b 8 to lb percent in 1979. As shown by 
Heckman (1979), the mean and variance of a censored sample (nonzero earners) gen¬ 
erally provide inconsistent estimates for the coi responding moments of the potential 
earnings distribution among all individuals Flee kman also provides an estimation strat¬ 
egy to correct for such sample selection bias assuming a homoscedastic error structure 
in the full population. However, Hurd (1979) has shown not onlv that heteroscedastu 
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The weekly earnings equation, when the proportion of part-time 
(week) workers is controlled for, provides the best available method of 
estimating a model for the variance of the log of hourly wages with 
CPS data. 1 ’ 

C. Initial Regression Estimates with CFS Data 

Table 3 presents the weighted regression estimates of equations (1) 
and (2). The first set of estimates were obtained with all observations 
using dummy variables for educational categories (D12, 1)13—15, 
1) 16 +) Kleven years of schooling or less is the omitted category. 'I'he 
subsequent estimates permit a full range of education interactions. 10 

Unlike Mincer (1971), we find strong evidence of a U-shaped expe¬ 
rience profile for all levels of education. The only exception is weekly 
earnings among college graduates. Hence, as with Schultz: (1975), 
Smith and Welch (1979), and Hattse (1980), our results indicate a 
weak correlation between initial earnings capacity and the proportion 
invested of the stock of human capital. The less-educated groups 
exhibit larger intercepts and mote sharply curved experience pro- 
ltles This indicates a greater diversity of initial eat nings capacity and/ 
or investments. An additional factor suggested by Mincer is more 
extensive job search among those with fewer years of schooling. 

Increases in the unemployment rate raise the variance of log an¬ 
nual earnings. z\ likely reason for this appears to be an inc lease in the 
vaiiance of weeks worked during recessions, since unemployment has 
,i negative, though generally weak, effect on the variance of log 
weekly eat nings. 


cuois icstih in inconsistent coefficient estimates, hut that moderate sanation m the 
mot vaiiance may lead to substantial asymptotic bias. Om model explicitly focuses on 
the siiiutine of heterosceclasticU\ and, hence, an afteinative estimation proccduie is 
required Dooley (in press) shows that, if one* ass lime's a btvaiiale lognormal distt ihution 
of olfeied and i csei \aiion eat nings < onclitional on expei icnc e and educ at ton, estimates 
of the two uncensored moments of the ofleicd earnings distribution can be deiived 
hom the sample ptopotnon of /eio eaineis and the hist three eensoied sample mo¬ 
ments I Ins method vs as used to estimate the uinensoied variance of the log of annual 
and weekly earning 1 ! lor each educ at ion-ex peneme cell. However, theie wvic no 
sigmhcant <|ualitati\e diffeiences between the recession results obtained with thecen- 
soicd (observed) and tile muensoied variance estimates. Hence, we present only I lie 
former in the text. 

w f he overall proportion of part-time wotkeis nevet exceeds 1 percent, and tfns 
proportion is Invwl among those with at least 13 yeais of cdmalion. Heme we be¬ 
lieve that the tobust nature of our Jesuits across edmalional levels lends support to 
the empirical strategy we have adopted. 

Iu It should be noted that the propoition of observations excluded because of im¬ 
puted earnings did rise substantially over the obseivatiori period; however, the inclu¬ 
sion of this vaiiable in eqq. (1) .and (2) did little to alter the estimates in table 1 This 
variable’s own coefficients tend to be weakly positive in the case of annual earnings and 
nonsignificant for weekly earnings 
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The (rend coefficients are of particular interest. These linear ef- 
f'et ts are significantly positive for the entire sample and for eat h edu¬ 
cational level except the college graduates. 1 he consistently negative 
inlet active effects between trend and experience, again with the ex¬ 
ception of college graduates, indicate that the growth in inequality is 
greater among the young. However, the test statistics for these esti¬ 
mates usually fall short of standard threshold levels. Ihe total trend 
effect remains positive up to, or beyond, the nottnal age of retire¬ 
ment. When measured as a semi-elasticity, that is, the annual peiccnt- 
age increase in the vatiance of log earnings, the magnitudes ate not 
trivial. The semi-elasticities range from 2 percent to 4 percent pet- 
year for all but the most educated group. 11 

Hence, the most important implication to be derived from table 3 is 
that the increase in earnings inequality among all males reported in 
Section 1 is not just a result of changes in the relative earnings of 
young to old workers or of gtowth in the proportion of voting (high 
variance) workers. Indeed, the 2 percent average annual rate of in¬ 
crease in the total vatiance of log earnings lrequentlv umleistutrs 
growth for the within-iohort variance conditional on human capital 
and cyclical factors, particularly for younger workers. 

Several possible explanations for these n ends appear not to lie lulls 
compatible with the pattern of results in table (1 first, the mi - - 
positive tienrls for weekly earnings among those with 12- I "t > 
education imply that this phenomenon is not morels a labm 
response on the part of low-wage individuals to the tin 
generosity of government transfer progiums over this pci mo 
the significant it end coefficients limited to annual canting' 
high school dropouts, the explanation above might be appculi. 
such is not the case. 

A second possibility is an iiu lease in the vat ianc e of the initial slot k 
of human capital of successive cohorts within out educational catego¬ 
ries. One sourc e of such a change would be an increase in the v anani e 
of years of schooling. However, the middle groups offer little or no 
opportunity for such changes, and we suspect that the dispersion m 
years of schooling among high school dropouts has fallen. Plotnick 
(1982) shows that the total variance of years of schooling decreased 

11 When ihc vatiance ol the lug ol necks noikcil is imhulct) in the hm*icsmoii tni 
annual rai itings, the icsuIiiiih < udhc ient is highly stipuluam. null a i m l In u in apptos- 
imatcly cejuai to two. Ihc time liends diop Its luughh 20 penem hut ici.un sii*iuh- 
ranee. Ihe elicit of male uneinplov mem bciomcs sigiiiluamlv ncipilnc lot tile tno 
lowest c< I mat ion gioups. Ihc ma jot iiiIcicihcs iliawn ihiou^hom the papci aic not 
altered We have not reported these results lot two reasons out neekh earnings 
regressions toutiol (oi variation in weeks wotked in the most saiislauoiv tashion. and 
we consider the issue of employment slahtlilv as one ol the letutns to hiimait <aptt.il 
investment to he an open question 
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hdutation I 1 years or less 

Annual earnings 87 -.041 00080 018 .021 -.00043 

ll88) . 11461 115.5) (1.9) (3 7) (26) 
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over the period 1958-77. Increases in the variance oi schooling qual¬ 
ity or innate “ability" are additional sources of growing dispersion in 
initial stocks. The CPS unfortunately offers no information relevant 
to this question. However, the frequently heard claim that passing 
standards have fallen at all levels ol education generally would serve 
to inflate the variance of ability most strongly in our highest educa¬ 
tional category, the college graduates. Yet it is ior this group alone 
that no .significant trend is found. 

A third potential source of change in within-cohort inequality is the 
higher tax rates imposed by recent inflationary increases in nominal 
earnings. The el feet of sue It "tax deep," however, is not clear a priori. 
Assume, for example, an adjustment ol the pretax real wage struc- 
ttite sullicient to maintain constant relative levels of posttax real 
wages due to constant iclative costs of training. Further assume that 
effective marginal t.tx rates increase at a decreasing rate with nominal 
earnings. An increase ol x percent in all nominal earnings may lead to 
increases in marginal and avetage tax rates that arc a negative func¬ 
tion of initial earnings. Individuals with the highest initial earnings 
t eieivc (he largest nominal raises but experience the smallest lax rate 
increases per dollar. Hence, the posttax relative wage stun lure may 
expand and, under the adjustment process assumed above, induce a 
compression in the pretax relative wage structure. Only under the 
assumption ol a convex effective marginal tax rale schedule can a 
strong case lie made for a positive effect of inflation on the relative 
inequality of real wages, hut there is little scqqxm for tins assumption. 

III. The Effect of Changes in Labor Force 
Growth Rates 

Mine er’s (1971) interpretation of the lile-cyde profile of the variance 
of log earnings centers on the distribution of investment in human 
capital within a given cohort. Hence, a logical starting point for an 
investigation of imeicohort dif ferences in the variance ol log earnings 
is changes in the distribution of investment across cohorts. We focus 
on changes in labor force growth rates as a source of such changes in 
investment and earnings. In essence, we assert that the baby boom 
cohorts have faced relatively high rates of return to human capital 
investment, particularly on-the-job training, due to the depressed 
wages caused by their market entry, abetted by the prospect of rapid 
deceleration in lalior force growth during the remainder of this cen¬ 
tury. Such inc reases in investment incentives are shown to increase 
within-cohort earnings inequality early in the life cycle. 

Our approach is similar to that taken by Freeman (1979) and Welch 
(1979) in that we use demographic phenomena to explain recent 
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modifications in the earnings distribution. A major distinction is that 
we consider voluntary human capital investment as an important av¬ 
enue of such modifications. Previous studies, in contrast, concentrate 
on concurrent changes in the relative supplies and wages of young 
versus old workers. 

Our theoretical results are consistent with those derived and empir¬ 
ically confirmed by Welch in particular. However, the current ap¬ 
proach permits use of a formal model of human capital accumulation, 
a feature we believe usef ul for a satisfactory analysis of earnings dis¬ 
persion. 

In this section, we first utilize a standard model of optimal human 
capital accumulation provided by Ben-Porath (1967) to demonstrate 
that inequality of observed log earnings within a cohort is a 1 unction 
of expected growth in the rental rate of human capital. Next, results 
from standard neoclassical growth models are used to establish the 
relationship among growth rates in the labor force and the rental rate 
for human capital. 


A. Investment in Human Capital and the Variance of 
Log Earnings 


Ben-Porath (1967) provides a well-known model of the piodttciion of 
human capital and the life cycle of earnings. Decision mak< i. 
assumed to be concerned solely with wealth, that is, the pi i 
of disposable earnings. Furthermore, human capital is ass: 
homogeneous in contrast to the models of Freeman and V 
assumptions of wealth maximization and homogeneity, win 1 
satisfactory, do provide a theoretical framework for invostn 
sis that is both tractable and cundue ive to plausible pi edit 11 < • 

14 lot a brief discussion of results from a model of utility 
imi/ation.) 

Human capital is produced according to the following Imution 


Q, = Po(.S,A',) Pl , 0 « S, « 1 , 0 =£ 0, « 1 . (4) 

where Q, is the flow of human capital produced; A, is the c nrrent slot k 
of human capital; and ,S, is the fraction of A, devoted to the produc¬ 
tion of human capital, so that .S',A, is the quantity of human capital 
utilized for investment. 

I he human capital production f unction originally used by Ben- 
orat included purchased inputs. Our focus is on postschoofing in- 
estment (S, < 1) and we therefore adopt the standard assumption 
that own time is the sole input in (3). For convenience, we assume also 
zero depreciation of human capital. 

Ben-Porath shows that the optimal production level of human capt- 
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tal production during the postschooling phase can be expressed as 
follows: 

- Pi) 

<1 = (3o) 1,(l ^ ) [1 - e 'K r ' 0 ] p 1 /(i-p.) ( (4) 

where i|j = r — tj; r = interest rate; rj = exponential growth rate of 
the human capital rental rate, which has the initial value a 0 ; and T = 
exogenously determined terminal year. Observed earnings, £,, can be 
expressed as the difference between earnings capacity, £,, and for¬ 
gone earnings, /,. Hence 

E, = E, - [„ (5) 

where E, — a,A.',, /, = and u, = a, ) c’ 1 *. 

In order to generate a distribution of observed earnings within a 
labor force cohort, we follow Mincer in assuming that individuals can 
be distinguished from one another on the basis of two characteristics: 
initial log earnings rapacity. In £ 0 (= ot () A'o), and the ability to produce 
human capital (or learning ability), which we shall assume to be repre¬ 
sented by 3„. If all individuals fate an equal-length work life, then, for 
any given In £„, higher levels of (},> lead to greater investment. Hence, 
conditional on In £«>, p 0 is negatively (positively) correlated with the 
intercepts (slopes) of observed log earnings profiles. 

We now proceed to show that the variance of log earnings is a 
function of tj, the growth rale of the human capital rental rate, but 
not of a,,, the initial value of the rental rate. 1 he first step is to 
demonstrate the effect of changes in tj and a ( , on observed log earn¬ 
ings. It is tedious, but straightforward, to show that 

- -!• <6> 
00(1 Ct<> 


and 

9 In £, 5, 

--—— = t + --- 

(1 - 3,)£' f 

where ?>, = a,pi f[,C,Q, — C,I, and 


( 7 ) 


C, = 


2 

«!» 


(T - l) 

e MT~n _ j 


> 0. 


Equation (6) shows that the effect on log earnings of a change in a<), 
the level of the rental rate profile, is a function only of a 0 . All log 
earnings profiles shift up or down by the same amount. Relative level' 
of earnings, and hence the variance of log earnings, are unaffected 
Equation (7) shows that more rapid growth in the rental rate lower 
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In E, early in the life cycle and increases In E, later on; that is, a higher 
rate of return stimulates greater investment. To see this, note that 5, is 
negative at t = 0 when Q, = K, - K u = 0 and positive at t = T when I, 
= 0. 12 

Next we take the partial derivatives of (7) with respect to p„ and In 
E 0 : 

<f 2 In Ei B,ot,Xo 


(1 - p,) 2 po£? 


and 


dVPo 

a 2 in e, 
dV l» /•'<) (1 - p,)£2 


-a,£ 0 8, 


( 8 ) 


(9) 


Equations (8) and (9) each switch signs at the point where 5, = 0. The 
value of (8) is negative early in the life cycle and positive later on. The 
opposite is true of (9). 

I he results in (7), (8), and (9) are sufficient to establish the qualita¬ 
tive effect of a change in the rental rate growth rate on the variance of 
log earnings. A formal analysis is available on request from the au¬ 
thors. In the following discussion, we present our basic results using a 
more intuitive, graphical approach. 

As in Section IIA, it is convenient to decompose the variance of log 
earnings, and changes therein, into the variance conditional on In E, 
(the within-group variance) and the variance across groups 
lerent values of In E () (the between-group variance). Assur 
that In E 0 (A’o) and p ( , are distributed independently. 

Figure 1 depicts changes in the within-group variance I 
solid lines represent the log earnings profiles at a low value < 
individuals with a common initial stock of human capital 
different levels of p 0 . The more able learner (In E,: p tw/ ) inw 
intensively, exhibiting lower initial earnings and more rapid glow,,, 

I he broken lines represent the optimal profiles of the same indivul 
uals given an increase in Ty Equation (9) shows that both profiles 
rotate counterclockwise, reflecting more intensive investment, with 
the greatest response elicited from the more able learner (In E',: p,, n ). 
file rise in tj has increased the within-group variance of investment. 


toy i,it ion (7) is equal lo /do where 

C,I, 


(i - Pd£, 


= t + 


0 - P.)£ 


f( a ' Pi L c ' Q j 


l 1 ; 1 !' 1 "" l *“* < 0 '7 «■ Note -hat eq. (7) may stay negative for some 

"Hnd= 13 ^tT' 1 * r= C 3() ° W ' - Forcxdm P lc ’ f: < - 19.2 -t f - t = 
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he.. 1. - 'Human capital rental talc gtnwih and the log earnings profile for given 
initial log earnings rapacity, wheic 0 () = "learning ability"; f) ~ gtowth rate oflmman 
capital jental rate. In iC 0 - tniiial log eaimngs capacity: In £Y3i>// ** log earnings given 
high p„ «ui<l low T|; In,p, w/ - lug eanmigs given high p<, and highv); In /’.,:($»,/ - log 
earnings given low (5,, and low In p„ f ** log earnings given low |i (l and high 


Hence, the within-gnmp variance of log earnings grows at all points 
with the possible exception of a short interval in the middle years. 
Variance growth is most pronounced for very low and very high t. 

Figure 2 depicts the change in the between-group variance. The 
concave solid lines depict the mean log earnings profiles, at a low 
value of n, for two groups of individuals with identical distributions of 
Pi, but different values of In Note that the profile for the group 
with lower initial earnings capacity, ft (In /i,|!n £< u ), is more steeply 
sloped than /c (In Zc,|ln /•.'„.(/)• This follows from the "neutrality" as¬ 
sumption that human capital production (Q,) is independent of the 
initial earnings capacity combined with the assumption of an indepen¬ 
dent distribution of In To and p,,. Individuals with lower values of In 
To on aveiage invest a greater proportion of their earnings capacity 
and hence exhibit more rapid growth in In K,. ’ 

The dashed lines again provide profiles corresponding to an in¬ 
crease in t|, the growth rate of rental rates. As indicated by equation 
(9), each log earnings profile rotates counterclockwise, reflecting 
greater average investment in human capital. T he average increase in 
investment is independent of initial earnings capacity, just as were the 
initial levels of investment. Hence, the between-group variance of 

11 t he iW'ii i’oi.ilii model implies, then. that with In J.„ ami p„ distributed indepen¬ 
dently. the variance (it log earnings between groups with different lit £„ should de 
crease over the lite cycle. This prediction is not ini (insistent with the U-shaped expet i 
ente prnhles in table S csjitt tally since ihe troughs otcur at a relatively high level c 
experience, genet ally 15-25 years. 
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lie. 2 —11 liman < apttal rental lale glow tit and I lie expelled log eai unit's pmfile Ini 
dll lei cm initial Ion earnings input ines, where q -- gtouilt 1 ale nl linnian i apilal iriual 
lale, In E»,„ = high inilial log earnings c.tpjiiiv. In , low iiniial Ion cat mugs 
‘ ap.u it v, /’-(111 /'.Jill En//) ' expelled v .line ol log eai lungs given In E,, // and low t). i llii 
/•,'|ln E-u n) - expelled value ol log earnings given In /:„ ,, and high q. I. (hi I Jin E„, ) 
expelled value ol log earnings given In h », and low q. E I In In / „, | = expelled 
value ol log earnings given In /■.’,,/ and high q. 

investment does not change. Inn the between-gioup vaiiao 
earnings does change, (he propothowil dec tease in ine.n 
(the change in /t[In £,|ln early in the life c\c le is glean 
with lower initial earnings capacity. I he same holds tine I, 

(ional increases in mean earnings in the later seats. 1 he 
/••(In ft,|ln /•-o./.) at high / is larger than that in /.(In ,11 11 , 
conse<|uenee, the hetween-group variance oi log earnings , 
early in the life cycle. However, this positive el led diminishes v. 
experience and eventually becomes negative. 

In summary, more rapid growth in human capital rental rates. In 
raising the mean and variance ol human capital investment, leads to 
increases in both the within-and hetween-group vat lance ol log eai n- 
mgs early in the life cycle. At later ages, the effects are ollsemng. 
within-gronp variance tends to grow and belween-gronp vauunce 
tends to shrink. 11 


" I wo comments on extensions of our model .tie televaiU lust, it i.ttt he shown tlt.it 
11 pat In cipithhitutu etlccls ol a higher priipiiuion.il income lax rale air ldenlu al to 
those ol a more rapidly growing lemal tale in a wealth inaxiini/aiion model Sciond. 
we have explored the ellcct ol iltangcs in the gmwth tale ol the human lapttal iini.il 
talc wtilnn the loniixt of Hecktnan’s (1976) Itle-ivile miidi ‘1 o| mtltlv m.txiint/.uion !,. 

, a model, earnmgs profiles are aliened !>v l„>d, human capital ... and 

. I w C » 0 "L U,npUOn ^" 0,,, U ' Slll,i lor capital investtni-til lonnmte to hold 

" K Mcikman "’-’'''-I A more rapidly growing rental rale tatses the value ol letsme 
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The assumption that In (or K„) and ji () are independently distrib¬ 
uted has simplified substantially the preceding analysis. Our interest 
for empirical purposes is in the joint distribution of 3o and In AD 
conditional on a given level of schooling. It can be shown that the 
assumption of an independent distribution is not inconsistent with the 
Hen-Porath model. (A formal analysis is available on request from 
the authors.) In addition, the consistently U-shaped experience pro¬ 
files in table 3 lend empirical support to this assumption, as do most 
previous studies. 

The basic implications of alternative assumptions may be outlined 
briefly. Our analysis of the within-group variance is conditional on In 
A 0 and therefore unaffected. The assumption that cov (p ( >, AH) < 0 will 
tend to reinforce the predictions above for the effect of rj on the 
between-group variance. If cov (fj 0 , AD) > 0, then our predictions for 
the between-group variance may not necessarily hold. It should be 
emphasized, however, that there is little empirical support for this last 
assumption. We assume, then, that cov (p 0 , AD) is so small in algebraic 
value that the effect of a rise in the growth rate of the human capital 
rental rate on the variance of log earnings is positive in the early years 
but declines and possibly becomes negative at higher levels of ex¬ 
perience. 

H. The Role of L/tboi Tuiee Gtowth 

l he previous section analyzed the relationship between rental rate 
growth and the variance of human capital investment and log earn¬ 
ings. l he predictions derived are quite difficult to test, however, 
given the (direc tly) unobservable nature of rental rates. The purpose 
of this section is to establish a link between an observable variable— 
labor force growth rates—and rental rate growth. Our basic assertion 
is that changes in the growth rate of the labor force should be nega¬ 
tively associated with the growth rate of rental rates and, hence, the 
return on human capital investment. Given the analysis ot Section 
Hid. this proposition establishes a relationship between observables, 


consumed (depresses uhseived earnings) at early ages in the use of a Cobb-Douglas or 
(T.S utility function At latet ages, the effect unnoi be signed, 1 lie ellect at eailv ages 
is sironget for the more able learners (highei theteby serving to inn ease the 
wilhm-group vanance of log earnings The effect at early ages ts also stionget for those 
with highei initial earnings capacity This setves to deciease the hetwern-gtoup vau- 
ame of earnings, howevei, the effect for log earnings cannot he signer!. In suunnaiv, 
the incorporation of leisure consumption tends to teinloice the conclusions in the text 
where the compaiatne dynamics can he* signed, but such an exeicise ftecjuently vields 
unsigned results 
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that is, estimates and projections of labor force growth and the vari¬ 
ance of log earnings. The empirical relevance of this relationship is 
discussed in Section IV where it is shown that the post-World War II 
baby boom and baby bust can be expected to induce an unprecedent¬ 
edly high rate of deceleration in labor force growth over the last 
quarter of this century. 

Consider hrst the basic one-sector neoclassical model of economic 
growth (Solow 1970; Burmeister 1980). A well-known result of this 
model is that the steady-state level of real wages is negatively related 
to the rate of labor force growth. In the absence of technological 
change, the real wage is constant in the steady state. A dec tease in the 
tate of labor force growth leads to a new steady state with a higher 
capital to labor ratio and real wage. Hence, a drop in the labor force 
growth rate induces a temporary increase in the rate of wage growth 
from zero to some positive number. 

The incorporation of labor-augmenting technological change leads 
to a similar result for the wage rate measured in efficiency units of 
labor. In the steady stale, wages per efficiency unit (rental rates) are 
constant and wages pet worker grow at a rate equal to the rate* of 
technological change. A decline in the labor force growth late leads to 
a higher level wage per efficiency unit and a growth path for wages 
per woi ker with a higher intercept but unchanged slope. Therefot e, a 
pet manent drop in the labor force growth rate brings about ,i • ■ 
tary increase in the giowth rate of wages per efficiency mm 
worker. Changes in the growth rate of the labor force and 


negatively related. 

1 he assumptions concerning individual wot ker behave 
one-sector growth model are far different lrom those m 
I math model. In the former, workers make no decisions. 1 I, 
non.sly given (and costless) growth rates in labor supply and tu h,. 
ogv cleteimine the wage per efficiency unit (the rental rate) and pci 
worker. In the Ben-Porath model, the level and growth ot the rental 
tate aie given and determine the individual's optimum paths tor 
wages and supply of human capital to the market. 

A mote appropriate theoretical framework for our analysts would 
be a multisector growth model that incorporates the individual 
wealth-maximizing decisions of successive cohorts ol workers Antic i- 
pated labor force and technological growth along with other exoge¬ 
nous (actors would determine the distribution of human capiial in- 
es.ment and, ultimately, the equilibrium growth paths lo, the vernal 
ate, the observed wage distribution, and the aggregate snpplv ol 

. .- ‘-Hr. »«-h a ^raUaH'l..■»,„! Lid 

■ l J P ln K genetations of workers remains on the profession's 
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agenda for future research. To accomplish this task is beyond the 
scope of our present efforts. 1 ' 

We suggest, however, that the implications of the one-sector growth 
and Ben-l’orath models are both intuitively appealing and indicative 
of the comparative dynamic results one would obtain from a more 
extensive theoretical treatment. In such an expanded model, the criti¬ 
cal relationship, for our purposes, would be that between labor force 
growth rates and the rate of return on human capital investment. 
Declining rates of labor force growth should lead to deceleration in 
the growth of the aggregate stock of human capital and acceleration 
in rental rate growth—for any given distribution of human capital 
investment. The consequent increase in the expected rate of return 
for any given level of training would stimulate investment among 
labor forc e entrants and, given the assumptions of the Ben-Porath 
model, increase the witlbn-cohort variance of log earnings during the 
initial years ot experience, with a diminishing and possibly negative 
effect at later stages. 1,1 '1 he general equilibrium effects would, of 
course, be more complicated. However, we would not anticipate a 
< hange in the qualitative relationship among labor force growth rates, 
investment, and the variance of log earnings. 

IV. Estimates of the Impact of Changes in Labor 
Force Growth Rates 

In this section, we extend our empirical analysis to inc lucfe the impac t 
of [last and projected changes in the rate of labor force growth. We 
show that post-World War II fertility trends tan he expected to result 
in large drops in labor fence growth rates over the next 20 years. This 
phenomenon, combined with the preceding analysis, provides a possi¬ 
ble explanation for the recent growth in earnings inequality. 


1 ’ R.irm (U.I72) ofleis one ot (he few models of economic giowth wuh endogenous 
mu-slment in human tapital. l ot several le.isons, however, this model is mappiopnate 
for om pin poses Most iinpoii.ini, die do isioi winking units aie infinitely lived house¬ 
holds that grow in si/<■ ,n .1 fixed wie .ind r«i//eu/v pass on .inputcrl earnings capacily to 
new nicmheis 1 he individual analogue is 1 h. 1 t of .1 person with infinite life for whom 
the nnmhci of available houis per period glows at a fixed rate T he mlc o! "population 
giowth" in Ra/in's Jiamrvcoik is cpine different lioni one that we believe to be appro- 
pi late tin analysis ot such phenomena as die baby I >00111 and baby bust 

h We believe that the assumption ol peiteccly homogeneous human capital, (bough 
eonvenieni and standard in systematic investment models, is not necessary to arnve at 
om piediclions ot relatively high idles ol return among cohorts anticipating Inline 
deceleration in laboi tone giowth. It die elasticity of suhstitiinoii among workeis ot 
diltcicni expenemc levels is /eio, then our asset 110 ns are unwarranted, but tins as¬ 
sumption is at least as untealistic as that ot an intitule elastic tty. What is necessary is die 
assumption that this elasticity ot substitution is sulfii lently high tot there to he negative 
correlation between the cohort's expected rale of return on investment and the antic 1 - 
pjted thangr i in laboi force growth tales. 
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TABLE 4 


Average Annual Rails of (Irowiii in Civii ian Labor Fori i, Ai.is 16 64 





Bv Years oi 

S< HOOUNb 


Yiars 

Total 

11 or Less 

12 

13-15 

Hi or More 

1920-30 

1.63 

1.18 

3 12 

3 1 1 

3 21 

1930-40 

1.44 

.48 

4 09 

3 87 

3 It, 

1910-50 

1.10 

24 

3 35 

3 34 

3 71 

1950-60 

1.16 

- 1.03 

3.77 

3 12 

4 37 

1960 70 

1 79 

- 1 73 

3.94 

5 07 

4 1 1 

1970- SO 

2 46 

— 2 72 

2.91 

IT) 

6 44 

1980-90 

1 60 

- 3 76 

.so 

3 21 

5 15 

1990-2000 

.96 

- 6.95 

-.81 

2.15 

l 05 
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'I'able 4 presents 10-year averages of the estimated and projected 
annual rates of change in the civilian labor force, ages 10-64. from 
1920 to 2000. The data and methods used to derive these figures ate 
described in detail in live Appendix. The first column presents the 
averages for the entire labor force. The decline in these growth rates 
from 1920 through the mid-1950s reflects primarily dec t eases in the 
rate of adult population growth due to curtailed immigration and 
fertility. The next 20 years witnessed an increase of almost t ' • 
tentage points clue primarily to the matuialion of the I'- 
boom aided by lising rates of female labor lone panic i 
deceleration of similar magnitude (1.5 points) is piojected I. 

2 decades of this century, primarily because of the babv hu 
the tapid decline of fertility rates during the 1960s and I' 1 

I he data in table 4 indicate a substantial variation in these 
education level. I he projected drop in growth rates is common t 
groups. 1 he acceleration in labor force growth during the 1900 s and 
1970s, though, was an inc teasing I unction of years ol schooling, with 
the number ol high school dropouts continuing to shrink. However, 
we believe that heavy emphasis on the educational chlferences in table 
4, particularly among the three lowest categories, is not warranted, 
since we lack strong a priori knowledge concerning elasticities of sub¬ 
stitution among schooling groups and intertemporal changes in 
schooling content. 

Our central point is best conveyed by the data for the total labor 
fence. Over the observation period, 1967-78, our Cl’S sample was 
itteteasingly populated with individuals who lace the prospect ot 
sharply decreasing rates of labor force growth dining the Inst 20-50 
years of their work life. The children of the baby boom entered (be¬ 
labor force during a period of rapid growth when rental rates were 
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depressed and, hence, investment cheap. The returns on such invest¬ 
ment will be reaped during a period of slow labor force growth and 
correspondingly higher expected rental rates. The resulting stimulus 
to rates of return on postschooling investment would he predicted by 
our model to increase the variance of log earnings among young 
workers during our sample period. Therein lies one possible explana¬ 
tion for the increases in the within-cohort variance of log earnings 
exhibited in table 3. 

An additional factor may be those individuals in our sample who 
entered the labor force in the late 1940s and 1950s. Such persons 
entered the labor force during a period of slow growth and faced the 
prospect of accelerating rates of labor force growth during the first 
I 5-20 years of experience. Modest growth in earnings inequality dur¬ 
ing our sample period for those cohorts in the middle stages of their 
work life is also consistent with our model and the results presented in 
table 3. 

It is interesting to note that the implications of our model are not 
inconsistent with those of Welch (1979), even though the latter fo¬ 
cuses on the effect of labot force age composition on the relative 
wages of young to old in a model with heterogeneous human capi¬ 
tal and no voluntary investment. 1 ' Welch asserts that the wage¬ 
depressing impact of large cohort size is felt most strongly in the early 
years of the work life and diminishes with experience. Hence, the 
recent large cohorts of labor force entrants should exhibit, and in 
Welch's findings do exhibit, earnings profiles with lower intercepts 
and steeper slopes than those of smaller cohorts. Our model predic Is 
the same; however, the underlying reasons are temporarily depressed 
rental rates and increased postschooling investment. iH 

1 ‘ C .leal Iv, a moic saiisfai toi v iheoi flu at aualvsis would combine die aswimpiions of 
heterogcneons human tapital ami endogenous investment Htmever. flic absent e from 
the litciatuie ol stub models testifies 1o flu* substantial obstac les lepicsented L>v mathe¬ 
matical inna< lability and the absence ol a piion guides as to the appiopiiate skill 
c atego.i ics 

]H Additional corioboi ating evidence on iik leased post sc booling invest menl among 
incut labor force entiants is scarce Stafford and Duncan (1980) report tfi.it the pro- 
pot Lion of hours oil the job that vveie devoted to work declined substantially for males 
between l‘Mi5 and 11175 L’riforinnately, the autftois did not have sufficient data to 
determine if the released hours vveie devoted lo naming 01 leisure A potential piob- 
lcm w itb our analysis is that, within the c emtext erf the Ben-Poiath model, an inc lease in 
the rate of return on investment should also prolong the peiiod of speclah/ation, i c\. 
me lease levels of formal schooling. However, !■ iceman (1981) has shown that the 
proportion of civilian male high school graduates entering college dropped over our 
sample peiiod The pfopoi lion of civilian males, aged 18—19, em oiled in college'shows 
a similar decline. Of course, this chop in enrollment lates may icHeii a shift fmm 
college to other foinis of training rather than a reduction in the overall level of invest¬ 
ment, I here are several arguments to support the former interpretation, i e , that of a 
change in the jotm of turning First, most of the drop in civilian male enrollment iales 
cm tuned between 19<»9 and 1974 During this period, the proportion ol males in 
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A more systematic test of our model requires extension of the re¬ 
gression analysis in Section II. For this, it was necessary to construct a 
measure of anticipated changes in labor force growth rates for each 
cohort in our sample. The measure selected was a straightforward 
one—the simple time trend for annual rates of growth of the civilian 
labor force ages 16-64 (henceforth LFGRT) during the first 20 years 
of each cohort’s work life. For example, in the case of cohorts enter¬ 
ing the labor force in 1950, LFGR'F is the slope from a regression on 
time of the annual rates of change in labor force size during the 
period 1950-70 (see the App. for further details). Our prediction is 
that LFGRT should have a negative linear effect on the variance of 
log earnings and a positive interaction with experience. 

Our formal theoretical model employed the simplifying assump¬ 
tion of homogeneous human capital. This implies that l.FGRT should 
be estimated using data for the entire labor force. Female participants 
were included both in the spirit of this assumption and because there 
is a strong correlation between estimates of LFGR'F based on the total 
and male labor force. 1 ‘* Table 4 does indicate variation in labor force 
growth rates by level of education. For reasons stated above, we be¬ 
lieve that it is misleading to attach heavy emphasis to these differ¬ 
ences. However, as a sensitivity test, the regressions discussed below 
were estimated with measures of l.FGR T calculated both b\ cducu 
tion category and for the labor force as a whole.' 20 

For most schooling groups and the labor force as a whole 
tends to have negative values for the oldest and youngest cm 
positive values lor workers in the middle portion of then v 
LK.R I is negative for all cohorts with less than 12 years ol < 
and greatest in absolute value for the most recent enti.. 
length of the projection period for LFGRT is obviously a i. 
judgment. I he Bureau of Labor Statistics currently provided I* 


miltlaiy set vice tletlinc-d substantially. Second. Fteeman considers onls college cntoll- 
ment as opposed to all types of postsetondaiv formal training. A consult-!atinn of 
enrollment measures that incorporate these two larlois paints a dilleieni pituue 
ispct itx ally, the ptoportton of total males ages 18-24 enrolled in postsetondarv edu< a- 
non was virtually urn hanged between 1969 and 1974. wlieteas the de, line m ilu.-cnit.il- 
Iiient late tor civilian males was 5 percent (Zsigmond ei al 1978). Emails, freeman 
s j dlrca rt ’ a * cosl higher education (tuition and lees) rose between 1969 

and 1474 and was constant between 1969 and 1978. I Ins rati, tombmed with iallmg 
wages (rental rates) would se.vc- to lower the cost of the more own-time mtensne oti- 
tligob training (OJ \) relative to formal schooling. 

. l/^u ^° WtV |f u ^V* 1 We Sl *^ 10 ex pl a, n the \anance of log earninus for males 
the lorTuf? h haS r een tl< ,' V ' ,U ' <l lo ftmale earnings inequality than to male. Among 
on lares m complicate this type- ol analysis for women are the., low pai.uipa 

the Ireouendv inf men at “ P<, " U 1,1 t,,ue - the importance of part-time wotk, and 
tht Ueqnently intermittent nature ol market woik ovei the life cycle. 

al on Z™TT W,,hl,W 1 " h r , r l earn,n B s inequality are still measured rnndition- 
al on veais ol schooling, as tailed for by our theoretical analysts in Set. I1I.4. 
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casts to the year 2000. The use of 10- and 15-year trends led to few 
qualitative changes in the regression results reported below. 21 

The use of LFGRT as a measure of expected growth in human 
capital rental rates is clearly open to criticism. We have assumed that 
individuals are forward looking. In order to support our predictions, 
however, one need not assume perfect forecasts of labor force growth 
by market entrants during our sample period. A sufficient condition 
is the recognition on the part of such entrants that they faced poor 
initial earnings prospects, relative to their predecessors, combined 
with the expectation of substantial improvement in labor market con¬ 
ditions in the 1980s and 1990s. 22 

Table 5 presents the regression estimates obtained when LFGRT 
and LFGRT x experience are added to equations (1) and (2). (The 
education-specific results are those obtained with the education- 
specific measure of LFGRT.) The coefficients for these variables are 
insatiably in accord with theoretical predictions and generally have I- 
ratios close to or in excess of conventional threshold levels. The switch 
from a negative to a positive effect for LFGRT as a cohort ages both is 
compatible with our model and occurs at a reasonable level of experi¬ 
ence, approximately 10—20 years. In addition, the si/e of the effects is 
substantial. With the (negative) mean values of LFGR'F for the five 
most rec ent cohorts, the estimated elastic ities are approximately .20 
(.10) for annual (weekly) earnings dining yeais 1-5 of labor force 
expel ience and - ,25 ( - . 15) during years 25-30 of labor force expe- 
rience. 

As with tlie estimates in table 3, the experience profiles in table 5 
are U-shaped in all cases save one and thus provide additional support 
for our assumption of a weak correlation between initial earnings 
capacity and the propensity to invest in human capital. 2 ' Fite es¬ 
timated variances of these coefficients are generally higher than the 
c oi responding vaiianc es in table 3 as would be expected f rom the 

Jl the use ol alternative BI.S labor force projections tor I he period I‘.IK I—2000 also 
I a iled to modify snbsl and,illy I he legirssicm lesulls rcpoited in table !> See the App for 
a I Li i diet discussion ot labor lone piojections 

J2 For pen poses of tcsti ng the piechelions advanced in this paper, we believe that 
I FI ,R I is superior to die colioiI si/e measure used by Well h (f 979). Our variable c an 
be measuied for each colioii early in die work life when investment dec isions are made 
Foi most (ohoils in out sample, chis onuiied outside die sample penod. As a test of 
oui I.FGR 1 variable, we used H to estimate die model of mean cohoit log earnings 
estimated by Welch (1979). 1 he data set and specification were very similar However, 
oui C.PS dala extend thiough 1978(iaihei than 197">), and we replaced Welch's cohort 
sue measure with I.FORT I he resulls were cjualil.ilively (juile similar to those jnevi- 
ously found Negative values ol LFGRI, winch characterize the baby boom coboils, 
have the effect both ot lowering the mteicejits and of steepening die slopes of log 
earnings profiles 

*' All experience profiles aie U-shajrccf when ihe "uncensored" estimates of the de¬ 
pendent vaiiable are used (see n 8). 
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inclusion of LKGRT x experience. 21 The educational differences and 
the effects of unemployment are similar to those previously obtained. 

An important question concerns the extent to which differences in 
LKGRT can account for the recent increase in wiihin-cohort earnings 
inequality as reflected in the trend coefficients in table 3. In table 5, 
the trend coefficients for annual and weekly earnings obtained with 
the full sample are 25 percent and 40 percent lower, respectively, 
than the corresponding estimates in table 3. Similarly, the estimated 
trends for those with 1 1 or less and 13—15 years of schooling are at 
least 25 percent lower after the inclusion of 1TGRT. For those with 
12 years of education, however, the trend coefficients in table 5 ate 
still positive, significant, and of essentially the same si/e as those in 
table 3. The education-specific regressions wete also estimated with 
the measure of LKGRT based on the entire labor force. I he print ipal 
change is that the resulting trend coefficients (not shown here) for 
annual and weekly earnings were at least 50 percent and 25 percent 
lower, respectively, than the trends in table 3 lot all tluee of the 
lowest educational categories. 

1 able 5 shows that the effect of LKGRT for college graduates is 
consistent with our predictions. However, the absence of strong posi¬ 
tive trends for this group constitutes an anomaly for which we have 
no ready explanation. As yet unidentified (actors upp.trenilv set veil 
to maintain relatively constant witlnn-cohort earnings mcquulin •< ■ 
these individuals over the sample period. 2 ’ 

In summary, the estimated effects of intercohort diffcn 
LKGRT are consistent with theoretical predictions and appeal 
vide a partial explanation for recent increases in withm-c often 
ings inequality. It is clear, though, that the growth in the dtspc 
male earnings cannot be accounted forentirelv bv out empitu 
sures of the demographic influences emphasized in this sun!, 
future research, attention should be devoted to additional lac tots 
such as < hanges in tiansfer programs and taxes. 

What of the future of earnings inequality? The implication ol out 
findings is that recent and projected changes in labor force giowtlt 

It should be noted that 1.1-CrR 1 is not stionglv cot t elated with cs,pe imue I lie 
coc tutent is 0 25 lor the sample as a whole. Hence this tauot cannot account lot the 
< <>neu” results in table ft. 

’ I‘title 4 shows that college graduates had Ixith a sen toec nt (imel- I’.ITOs) peak m 
one ews V m '^ 1 1 ,t * ts a,1( l the smallest piojected decline in gtocsth tales hum l 1 !,SO 
**. 1 1 11 nits basts, a smaller met ease til t lie \ arcane e nt log eac mugs loi ditsgmun 

would he predicted In addition, Fteeman (1 i»H 1), ccmtiatv to Welch ( 1070 ), tcp.uts 
that college graduates who emered the lahoi time in the eat Is 1070s had sl.mei tales 
o earnings giowth than high sc hex >1 graduates, possible niche at mg a snullci met ease m 
i '"""'V ll,> ls consistent with our finding ot weaker ttends til eat mugs uieimulils 
among cti tge graduates: howevet. the evidence is cle.nls insuttictent to tesolse the 
issue at this stage 
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rates temporarily increased the variance of log earnings among recent 
entrants. However, (his effect should decline with experience and 
eventually become negative. Moreover, if completed fertility stays at 
or slightly below replacement, then the prospect is for a very gradual 
reduction (0.1 percent to 0.2 percent per decade) in the rate of 
growth of the adult population during die first half of the next cen¬ 
tury (U.S. Bureau of the Census 1977). Echoes of the post—World 
War II baby boom and bust will be felt, but the resulting swings in 
adult population growth rates will be minor in comparison with the 
original shocks. Hence, barring major shifts in immigration or labor 
force participation trends, the demographic sources of growth in 
earnings inequality that were the focus of this study should diminish 
in importance (or future tohorts. 


V. Conclusion 

In this paper, we have analyzed the variance of log earnings within 
labor force cohorts of U.S. males, with particular attention to the 
influence of labor force growth rates. Estimates with data from the 
1908-79 March current population surveys indicate that relative 
earnings inequality initially declines and then increases with labor 
force experience. The unemployment rate has a positive ef fect on the 
\aiiance of annual log earnings but a negative, and much weaker, 
impact in the case of weekly earnings. Most important, evidence was 
provided of substantial increases in earnings inequality within labor 
force cohorts even after the levels of education, experience, and un¬ 
employment weie controlled for. Such increases were most marked 
lor, though not confined to, younger workers. Hence, recent growth 
in the dispersion of earnings among all males cannot be explained 
solely on the basis of widening earnings differentials among age 
groups or on the basis of recent growth in the proportion of young 
(high-vat iance) workers. 

The model of human capital investment proposed by Ben-Porath 
was adapted to analyze differences among cohorts in the life-cycle 
profile of the variance of log earnings. It was shown that a rise in the 
growth rate for the human capital rental rate will stimulate invest¬ 
ment and also increase the variance of postschooling investment and 
log earnings early in the life cycle?. This positive effect on relative 
earnings inequality should decline with experience and possibly be¬ 
come negative. It was further shown that recent labor force entrants 
have faced just such a prospect of rapidly growing rental rates, be¬ 
cause of the marked increase in labor force growth rates during the 
1960s and 1970s and the equally dramatic deceleration in labor force 
growth expected during the remainder of this century. Therein lies a 
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possible explanation for the recent growth in within-cohort eainings 

inequality. 

The model was tested using estimates and projections of labor force 
growth rates For the period 1920-2000. Each cohort was assigned a 
measure of the expected changes in the rate of labor force growth 
over the first 20 years of experience. The estimated effects of this 
variable generally confirmed theoretical predictions and yielded siz¬ 
able elasticities. Moreover, the foregoing strategy frequently pro¬ 
duced substantial reductions in estimated time trends for the within- 
cohort variance of log earnings. Hence, it appears that recent 
increases in male earnings inequality may have been caused in part bv 
the post—World War II baby boom and baby bust acting through the 
unprecedented large swings in labor force growth rates during the 
last half of the twentieth century. If replacement fertility rates are 
maintained, the resulting gradual deceleration in adult population 
growth during the first part of the twenty-first centuiy will reduce 
significantly the importance of this demographic source ot variation 
in earnings inequality. 


Appendix 

Estimates and Projections of the Labor Force 

Our analysis tequired estimates and projections of die emit,in 
ages 16-64, f rom 1920 to 2000, by level of education. We Ium 
daia and methods used to estimate lafior force si/e irrespective 
and then turn to die educational distribution. 

I.eheigott (1904, p. 512) provides estimates ol the cmli.m lain 
14 and over for the period 1920-46. From these hgmes. we sui 
mates ol (he numliet of participants ages 14-15 and 65 and o\c i 

linearly interpolating between estimates bom the 
1940, and 1040 censuses of the population and the 1947 CPS Annual t 
mates for the period 1947-79 are from die Employment mtit Tiwumg Hep,at ,,i 
the 1 trsulent (U.S. Oepailinrnt of Labor 1980). The estimate (oi 1980 was 
lalcen lioui Employment and Earnings (U.S. Department ol Labor 198 I A) 
Civilian labor force growth was clearly aliened bv Wo,Id War 11 and «, 
cssei extent >y the Korean War. Since these wars could not he antictp.ited b\ 
those who entered the lalto, force some 10-20 seats ptior to their ocuu- 
rence, the effects of these cotifhcts were purged from the data In luieatlv 
interpolating between the years 1941-47 ami 1950-54. 

us woTs^ih Fullc "°" ,,r,l ! < j IU " t ''" 1 Labor Statistics (HI.8) kmclh ptovtciecl 

I |„e„' mC ' U ahor ro,ct- projections for the period 1981-2000 

nee sets of projections were available but did not produce substantially 

Sleb'iC’r'", l rC K r — ««r .he variant e of log gs 

jettions of the HlV"* 1 1 eMlnlJW ’ s ol >'amed with the medium giowth pro- 

II orTsT]2 n n P, .T‘ C ' i0 , n u: ,r,he l 3r<, Ix>'.ion of the cmli.m labo, feme w„h 

ess. J2, 13-15. and 16 or more years of schooling were elemcd in the 
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following manner: special Labor Force Report no. 240 (U.S. Department of 
Labor 1981a) provides estimates for the civilian labor force ages 18-64 in 
1940, 1952, 1957, 1959, 1962, and 1964-79. Linear interpolation was used to 
derive estimates between the foregoing years. 

Folger and Nam (1967) provide estimates for the educational distribution 
of the population ages 25 and over in 1920 and 1930. We derived estimates 
for the educational distribution of the labor force in 1920 and 1930 by adjust¬ 
ing these figures. The adjustment factor was the ratio in 1940 of the propor¬ 
tion of the population 25 and over with a given level of education to the 
proportion of the civilian labor force ages 18—64 with the same level of 
education. Lineal intei polation provided the estimates from 1920 to 1930 
and from 1930 to 1940. 

The most recent Bl.S projections of the educational distribution ol the 
labor force are presented in [ohnston (1973). These projections were for the 
years 1980, 1985, and 1990. First, these figures were adjusted for the ob¬ 
served forecast error over the period 1970—80. The adjustment factor was 
the ratio of actual to projected (in Johnston) average annual latcs of growth. 
Next, a quadratic time trend was estimated for the number of labor force 
participants in each educational category using estimates and revised projec¬ 
tions for the period 1970-90. Finally, these time trends were used to predict 
the educational distribution from 1990 to 2000, that is, the proportion of 
individuals in each category. 1 he BI.S projections provided by Fullerton were 
used to pi edict the total number of partic ipants. 
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I ho .substantial II.S. inflations of the 1970s led to some popular 
suppoit for commodity-based money, (’.old has had a special role in 
historical commodity-money schemes, and it emerged as a leading 
contender in retent discussions. In October 1980 Congress estab¬ 
lished the Cold Commission to study the possible remonetization of 
gold. In this paper we analyze some gold monetization sc hemes pro¬ 
posed to the commission. We find that the adoption ol these propos¬ 
als need not lead to the price-level stability their proponents seek. 
Even a well-designed commodity-money scheme is a foolproof infla¬ 
tion guard only when the scheme’s permanence is guaranteed. Per¬ 
manence may possibly be guaranteed by an underlying political 
economy that abhors inflation, but merely the enactment of a new 
ephemeral rule does not ensure permanence. 
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Gold and its price have emerged as frequent topics of academic and 
government debate. 1 Public attention, focused on the gold market 
since the price of gold began fluctuating violently in 1980 and 1981, 
has turned to gold as a possible means of removing some discretion 
inherent in the current fiat money system. Since lack of adherence to 
monetary rules can lead to problems of dynamic policy inconsistency, 
academic economists have begun seriously to reconsider monetary 
standards based either on gold or on some other commodity as politi¬ 
cally feasible methods of establishing rules. 2 

The political and intellectual resurrection of gold has coincided 
with the advent of three lines of thought concerning government gold 
market policy. First, Salant and Henderson (1978) have developed a 
partial equilibrium gold market model to analyze the interactions 
among rapid gold pi ice tises, government gold au< lions, and specula¬ 
tive attacks on government gold stocks. Salant (1988) places the possi¬ 
bility of a speculative attack on price stabilization schemes in a stochas¬ 
tic setting. Second, Barro (1979) has studied money and price 
dynamics under a version of the historical gold standard. Finalh, 
others such as Laffer (1979) and Lehrman (1980, 1981) hast* pio- 
posed a new monetary gold standard under which the government 
would maintain a fixed nominal gold pi ice while retaining the liee- 
dom to issue money without fixed gold backing. 

In this paper we intend to provide a dynamic liamewoik mu' 
tor analyzing various gold monetization policies. We m. 
ideas in Salant and Henderson with those in Bano ti 
model of a monetary system based on any storable conn,. 

Besides analyzing a successful gold monetization, we sir 
sibility ol an unsuccessful gold standard (i.e , a goven 
plementalion ol a gold standard destined to collapse 
mediately or alter a finite interval). Our results on the <c.n 
gold standard draw on the work of Salant and Ilendeisou t 1 1 1 , 

Ki ngman (1979), and Salant (1989). Finally, our analvtic al 1 1 amcwoi k 
°pei‘ites as a systematic means of categorizing am commodity stan¬ 
dard's dynamic evolution. Using a simple graphical technique and 
given the policy environment, one can determine the nature ol tin- 
potential equilibria during a gold standard. 

We oiganize the paper into three sections. In Section 1 we in¬ 
troduce our model’s basic components and study the paths ol the 
relative gold price and the price level prior to a government's an- 


WhikThe corn, sold s monetary tote by establishm* a Gold CommtsMon. 

“ ™" SS :" Senerally hosule to.. ot K „,ld. „s existence 

cates that a return to a commodity base ts a serious possibtlm 
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nouncement that gold’s nominal price will be fixed. In Section II we 
analyze the dynamics of the money and gold markets after the nomi¬ 
nal gold price lias been fixed. We find that equilibrium is not unique 
for some fixed gold prices. The market may determine equilibria 
consistent either with a permanently maintained gold standard or 
with a gold standard that eventually collapses. In Section III we exam¬ 
ine the significance of the “discipline of the gold standard”; we dem¬ 
onstrate that the notion may lack operational meaning if the alterna¬ 
tive hat money system is not also “disciplined." Section III is followed 
by some concluding remarks. 


I. The World prior to Gold Monetization 

To study the effects of gold price fixing, we first characterize the 
economy before the scheme is announced. We will use concepts and 
methods very similar to those of Salant and Henderson (1978). How¬ 
ever, no government gold auctions will occur, and we will modify 
(heir model to suit our problem. Specifically, we introduce a monetary 
sector, modify the nature of gold demand for private uses, and ana¬ 
lyze a policy of nominal gold price pegging. Throughout the paper 
we employ a continuous time model in which agents have perfect 
foresight. ' We present our ideas in the form of a linearized example 
to make the concepts involved as concrete as possible. We divide our 
economy into two explicit sectors, a gold sector and a monetary sector. 
The real interest rate, p, is fixed at a constant level. 1 


The Cold Sector 

Kquations (l)-{3) partly describe the gold market’s operation: 


I = l)(t) + C(t) + /{(/), 


0(1) = v\ 


M- 

q(t) 


D(l) 


p, v > 0, 


q(t) — pq(t), for C(l) > 0, 
= 0, for C(tj = 0. 


( 1 ) 

( 2 ) 

(») 


' However, the switch to the gold standard itself will be treated as a complete stir- 
prise ’Hie perfect-foresight assumption applies to the dynamics of prices after the 
advent of the gold standard. 

1 Allowing the leal interest rate to vary would complicate our analysis We presume 
that the real side of our model consists of gold and a storable good that can be either 
consumed or stored to produce more goods One unit of the stored consumable pro¬ 
duces more consumables at the rate p, given exogenously as in Salant and Mendel son 
(1978) Barro (1979) assumes that demand and supply functions are explicitly depen¬ 
dent on p, however, he exogenously fixes p to develop his gold standard’s dynamics. 
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l, D(t), G(t), and R(t) are the fixed total world gold stock, the quantity 
of gold at time t used in consumption and industry, the quantity of 
gold held privately as ingots or coins in speculative hoards, and the 
quantity of gold in government reserves, respectively. Until gold is 
monetized, we will assume R(t) to be the positive constant R .' 

Equation (2) describes the law of motion for the total gold stock in 
consumption and industrial use; D(t) equals current consumption 
plus industrial gold purchases. When D(t) > 0, speculators reduce 
their hoards to accommodate the How. The quantity is a desired 

stock of gold used in industry and consumption, where c/(t) is the 
relative price of gold in terms of other goods at time /. Central in 
generating any postmonetization price-level dynamics, the form of (2) 
reflects a slow transformation of gold into and out of consumption 
and industrial uses. Equation (2) is similar to a gold sector equation set 
up by Barro (1979). <> However, we ignore gold mining and the effect 
that capital gains on gold may have on demand for consumption and 
industrial use. 7 Also, we treat gold as a perfectly durable good, which 
allows the possibility that gold may be disgorged from other uses into 
hoards when the relative gold price rises sufficiently.” 

Equation (3) requires that gold’s relative price must tisc at the real 
interest rate while private speculators hold gold. If the relume pn< - 
were expected to rise faster than p, speculators would bid 
current price until <j{l)/(j(l) fell to p. If the price were expi • 
more slowly than p, then speculators would drive the tin 
downward.'’ 

Equations (1)—(3) form a differential equation system n 
q(t). Equation (3) yields 

</(/) = (/(()) exp (pf) 


I host* assumptions pi ethnic any gold-mining .mmiv, a spec ihc at mu similar to t hat 
nt Salant and Uerideison (1978) 

’Surprisingly. Ratio (1979) woikcd out the d\namns of his gold standaid model 
using a static expectations assumption. I his produced a stable dynamic system that is 
con.pat able only til its steady state to the system developed below 

In an early vet sum of ibis pa pci, we solved the model lor .1 case m which capital 
gams enici into desned gold use* Because no substantive icsult depends uii tins as¬ 
sumption. we exclude it heie to simpldv out icpoit 

While our methods arc similar to those of Salant and Henderson (1978). out gold 
mailed model differs from thens in some inipoitant lespects Salant and Hendcison 
intei ptet the vat table that, in the context of then papei. is analogous to oui l){t) as a 
demand (01 a perishable good Since this gold demand must always be nonnegative m 
their paper, we have avoided using their form heie. Otluiwise. we would pieclude the 
possibility of a post vnoneti/ai ion gold in fiat ion ancf the disgotging ol consuniei gold 
lli.il ociin led in 1980 and 1981 Also, wc assume that the How gold demand depends 
negatively on [)((), the existing gold stock already used in consumption and lmlnstual 
cuius, fins may reflect diminishing marginal productivity associated with additional 
industrial gold uses. 

Salant and Henderson (1978) discuss the speculative pricing of such icsouurs in 
more detail. 1 


m 
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when G(t) > 0. Substituting from (4) into (2) generates a differential 
equation in D{t) whose solution is 10 

/)(<) = Z)(0) exp (-i>/) + v exp ( — 1 >/) 

where D(0) is the initial value of D(t). 

To complete the solution we must determine </(()). Since speculators 
hoard gold only in anticipation of future consumption and industrial 
uses, the speculative gold stock must be exhausted when additional 
gold,use in these areas ceases. If T is the date when D(t) ~ 0, then 
(1(T) must equal zero. Since G(7’) = 0, equation (1) implies 

/ - R = I)(T). (6) 

Combining equations (b) and (2) and rearranging, we find 


rt r 


exp [(t> 


p)u]du, 

( 5 ) 


q(T) = 



( 7 ) 


F.tjuation (7) indicates the “choke price" for new consumption and 
industrial gold use, the terminal condition required to solve for </(()). 
lo find r/(0), we employ (7) and (1) to yield 

(/ (°) = CX p (-p7 ). (8) 


Our solution for the gold sector will be complete once we have 
determined the unknown choke date, T, which is a function of the 
initial condition D(0). / is determined by substituting from (8) into (5) 
for </(()) and setting l)(T) — I — R. This sequence of steps produces a 
single equation in T whose solution can be characterized as T ~ 
/[D(0)/(7 — R) 1 with f <(),/(!) = 0, and f (0) = log (p/n)/(p - v) = k 
> 0 ." 

Determining </(0) completes our solution (or the gold sector. Given 
</(0), equation (1) indicates the time path of q(t) from 0 to and r/(() 
— <j(T) for / > T. Given the initial condition /->(()), equation (5) deter¬ 
mines the time path of D(l) from 0 to T with D(t) ■- D{T) = / — R for 
t > T. 1 he gold sector alone detei mines gold’s relative price path and 
the quantity of gold held in speculative hoards. To find the nominal 
gold price, however, we must append a monetary sector. 


H ’The differential equation is 0(1) = — i'D(t) + [e|i/f/(0)| exp (- p(), when U(!) > 0. 
11 T he function determining T at time zero is 1 = 0(0) exp ( - vT)/(J - R) F i>{! - 
exp | - (p - a)T]}/(i> - p). For tfie spet ial case of 0(0) = 0, the solution for T is 1 = log 
(p/v)/(p - v). for p T v. 
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The Monetary Sector 

The operation of the monetary sector has no real ef fects in the model 
prior to gold monetization. We introduce the monetary sector now as 
a preliminary to the analysis of Section II. 

The following equations govern money market equilibrium: 

= (3 - aHt). 3, a > 0; (9) 

‘■(0 = p + <*0) 

M(t), P(t), t(f). and P(t)/P(t) are the nominal quantity of money, the 
aggregate price level, the nominal rate of interest, and the expected 
and actual rate of inflation, respectively. Equation (9) is a linearization 
that is appropriate for 3 - ai(t) > 0 and for p + [P{t)/P(t )] > 0. 

In this section we assume that M(t) equals the quantity of fiat cur¬ 
rency in circulation. We also assume that the government prints fiat 
money at a constant positive rate -tr to finance a fixed positive level of 
real expenditure g. Since M(t)/P(t) = g, it follows that it = 
gP(t)/M(t). Money market equilibrium then requires that P(t)lP(t) = 
it, a condition used in (9) and (10) to obtain 


P(l) 


<}> — OUT ' 


where <t> — (3 — cup > 0. We define (>(/) ns the nominal gol< 
r/(0 = Q(t)/P(t).' 2 

This model lacks interesting interactions between the go 
monetary sectots. However, such interactions are mitod,. 
policy of gold monetization, the topic of the next section 


II. Equilibrium Dynamics under a Gold Standard 

We now study the price level, money market, and gold matket dv- 
naintcs after a government fixes gold's nominal price, committing 
itself to buy and sell gold at some price Q. We assume the pi ice living 
occurs immediately and completely surprises the pnvaie sectoi. Ini- 

12 Since P(t) contains the 1 erilal price at gold in consumption foi in. out rel.it ne piu v 
7(0 ~ Q,(t)fP(t) is not equal lo the pi ice of gold divided In the pine ot goods «uhei than 
K°”l However, we may assume dial gold's consumption tental pine is pmpot iion.tl to 
golds price and that P(t) is a geometric aveiage ol gold’s lenlal price and the piueol 
olher goods 1 hen our iy(/) is pi open Iion.tl to llie puce ol gold di\ ided l)\ die pi ice ol 
goods other than gold laised to the powei (I + it), whcie 11 is gold’s shaic m die puce 
index In our analysis we assume that 11 is sulhcieiuU small dial it ina\ In.* ignoied 
widioui consequence. Howevei. d U weie Luge then our ecj. (3) would Income c/(M — 
P< I - tl)q{t). This change would not alter our icsiilts suhstanmeh 
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tially, we assume that the government does not sterilize gold market 
interventions in other markets. Consequently, government gold mar¬ 
ket operations affect the money stock. Through this channel a gov¬ 
ernment’s decision to fix gold’s price links the money and gold mar¬ 
kets. A price-fixing scheme may be permanently viable, temporarily 
viable, or nonviable. A temporarily viable scheme will function for 
some finite period, collapsing at a predictable time. A nonviable gold 
standard will collapse at the instant of its implementation. We will 
develop a general framework capable of determining the dynamics ol 
a particular gold standard. 

The Shadow Free Market Gold Price 

We define the shadow free market gold price (3(f) as the equilibrium 
nominal gold price that would prevail if speculators purchased all of 
the government’s gold reserves at time t, paying (7 per unit. Such an 
attack would force gold demonetization, allowing the market freely to 
determine the gold price (3(0- A gold standard remains viable while 
the shadow free market gold price (3(0 does not exceed the govern¬ 
ment's fixed price (7. If (3(0 > (7, speculators will profit by attacking 
the gold standard. If (3(0 < (7, an attack on the government's gold 
stock would generate speculative losses. When (3(0 = (7 an attack 
produces neither profit nor loss. Since our analysis depends crucially 
on the shadow price (3(0, we will develop the concept in greater 
detail. 

Determining (3(0 requires some assumptions about government 
monetary policy during and after a gold standard epoch. We assume 
that during a gold standard the government undertakes open market 
operations only in the gold market. The government will back any 
additional monetary issue 100 percent by gold purchases and match 
any gold reserve contraction by an equally valued monetary contrac¬ 
tion. If the gold standard collapses, we assume that the government 
immediately resumes printing money at the positive rate it. Of course, 
many different assumptions about monetary policy may be analyzed 
in our model, and below we discuss some alternatives. 11 

To determine (3(f) we find P(t) and </(/), the shadow postcollapse 
price level and relative gold price, respectively. We define time 0 as 
the first moment that the gold standard functions. Linder the govern¬ 
ment’s monetary policy, the money supply will be M(f) = A/(0) - Qli 


11 Our assumption at,out the gold standard monetary policy rapines that the govt-i n- 
meut either develop a nonmonetary method ot financing g or ieduce spending by g III 
Sec II we discuss the implications ot an alternative assumption alroul postcollap.se 
money gtowth. 
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if a collapse occurs at any time t 5* 0. The postcollapse price level will 
be 

fi(i) = (.2) 

For now, we assume that [Af(0) - Q/?] > 0, implying that the existing 
money stock can purchase all the government’s initial gold reserves. 

To determine the postcollapse relative gold price q(t), we use the 
previous section’s gold market model. Following an attack that ex¬ 
hausts government reserves, private agents hold the entire gold sup¬ 
ply only for productive use or in speculative hoards When hoards are 
exhausted at time T, the relative gold price will attain q(T) = p.//. 11 
I he immediate postcollapse relative price is q(t) = (\yJ!) exp [ - p(7' - 
/)]. The amount of lime (T - t) until the choke date depends on the 
initial level of D(t) and the terminal level /. In particular. (T - t) = 
f\D(t)ll\, with f < 0, /(1) = 0, and /(0) = k > 0 as in Section I. 
Combining these results, we can express Q_(t) as 

This expression provides an important building block used exten¬ 
sively below. 

Gold Standard Dynamics 

It the government sets Q > ()(()), the gold standard will i 
least temporarily because no profit will arise from an minx 
illative attack. We will now analyze the dynamics ot a wot 
dat'd. 

File money supply provides the key element integrating the nx 
tary and gold sec tors alter price fixing. After gold monetization the 
inoney supply is 

M(l) = M (0) + (llR(t) - /7] + QG(t). (14) 

Af(0) is the quantity of money existing just prior to gold monetization; 
Q[R(t) — R] is the nominal value of government gold purchases after 
the price is fixed; QG(t) is the nominal value of gold used directly as 
money. Since gold’s price is fixed in terms of currency, gold will yield 
the same nominal capital gain as currency. Gold can also serve as 
money, so those hoards remaining in private hands must, as perfect 

11 I'he poskollapse choke dale T is nol ihc same as ihe (hokc dale discussed in Sec, I 
since the total gold stock available for consumption increases b\ the govcmnuni's 
reserves. However, the logic used in Sec 1 to determine /' is also appln able in this case 
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substitutes for currency, constitute part of the money stock. Since we 
cannot determine the division of monetary gold between government 
and piivate holding, it is convenient to define 

X(f) = R(t) + G(t). (15) 

Our framework allows us to keep track of X(i) but not of its compo¬ 
nents. 

Using the variable X(t ), we can write the money supply as 

M(t) = A/(0) - QR + QX(t). (16) 

Since we assume that the government’s only open market operations 
occur in the gold market, only movements in X(t) affect M(t) after 
gold's price is fixed. Substituting from equation (16) for the money 
supply in (9), we obtain one of the equations of motion for the gold 
standard regime, 

P it) = [(-£-)/»(/)] - [(-f-}*(/)] - — )) tt ~-^- (17) 

The dynamics of the variable X(t) are determined from those of 
/}(/). Since D(l) = (/ -- X(<)j and XU) = -/)(<), we substitute for D(t) 
and D(t) in (2) to derive 


X(t) = -(-^A-)/ J (/) - vX(t) t- vl. 


Equations (17) and (18) are (he laws of motion of l’{l) and X(t) under 
the gold standard. 

Setting X(() = P(t) — 0 in (17) and (18), we find the steady state (A 
A) of the gold standard: 


(Id - R) + Af(D) 
<J> + P- 


(19) 


* = <,/ - [Af(0)/(7j} 

4> + p 

P and X serve as terminal values for P(t) and X{t) if Q(f) < (7 for all /. 
However, if Q{t) > (7 for some /, another terminal condition will 
prevail. We next examine jointly the dynamics of the gold standard 
and of <2(0 t« determine equilibrium paths for different values of Q. 


Terminal Conditions and Equilibrium Paths 

Figure I provides a systematic means of categorizing equilibrium 
paths and terminal conditions under a gold standard. We plot values 
of (7 and X(l)H on the vertical and horizontal axes, respectively. The 
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line OQ is a locus of points (X, Q) derived from equation (IS) bv 
selling ()(() = Q and using D(t)H = 1 - (X(f)// |.J-'or points at min c the 
line, (7 > Q(0. while for points below the line (7 < ()(/). ()() slopes 
negatively with vertical intercept x - A/(0)pu/[(4> art)/ -t /(pj. 
When XII = f, the height of Q() is ()„„„ = exp (- pk). 

We also plot the line XX front equation (20), w huh produces steads - 
state X values as a function of Q. XX slopes positively with a \ <*t !•> 
intercept at pAf(())/(<(>/ + p/(). As () approaches infinite 
proaches [(<f> + p/f)//|/(<l> + p) « 1. 

The QQ locus divides figure I into three regions: (i) (> • 

Qm.ix Q 55 Q„„ n , and (iii) Q > We will initialh exainun 

and third. 


A Nonviable Gold Standard 

II a government tries to establish a Q less than then Q < ()(t) lor 
all X. An attack will occur immediately, and the gold standard will be 
stillborn. 

A Permanently Viable Gold Standard 

ff the government establishes a (J greater than then Q > ()(/) lot 
all X and speculators will never attack the gold standard. In this re¬ 
gion the appropriate terminal value of X(/) is X. The pat tit ular path 
followed to X depends on the initial X(0) value. 

In figure 2 we depict the dynamics implicit in (17) and (18) lor a 
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permanent gold standard. The lines PP and XX are the loci of points 
\P(t), X(/)J such that P(l) — 0 atul X(0 = 0, respectively. PP and XX 
intersect at the dynamic system’s steady-state price level and monetary 
gold stock, P and X. We construct figure 2 for a particular value of (); 
an increase in (7 would push the associated (P. X) to the northeast. 
1'he dynamics imply that the steady state is a saddle point with a 
unic|tie stable branch, indicated by the line SS. ’ For a petmanently 
viable gold standard we assume that economic forces determine P(l), 
given X(/), such that P(t) and X(/) lie on the line .S'.S'.For example, if 
X(0) > X, then /-*(()) > P and both P(l) and X(t) will move along SS 
approaching the steady state. 


Transient Gold Standards and Multiple Kcjuilibi ia 

We now examine the dynamics associated with different values of 0 
such that Qj lim Q ■£ We define the pair (X*, Qj,) as the intersec- 


' ’ tile << 111 . 111(111 of SS is /*(/) = AX(I) + I’ AX, where A = ()/(((> - otXi) > 0 and X| 
is ilw negative root of the equation system (17) anil (I ft) I o he piei ise. A| = '/_•( — |«J>/(« 
- t')| - {[<f>/(ot - 1)1’’ f 4(e/a)(<b + yjt)p) < 0 For later use we also tecoril the positive 
root ot the system, Xj — [( e/a)(<f) + yi.)]/Ai > 0 

this assumption tequires the absence ol speculative bubbles, hy wlmh we mean 
that prices are determined entirely hy market fundamentals We impose this tequire- 
ment throughout the paper 
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tion point of XX and QQ * n figure 1 and consider Q values less than, 
equal to, and greater than Qj,. 

A transient gold standard. — If Q,,,,,, « <l< Qj„ then the gold stan¬ 
dard’s steady state is not attainable since ()(<) exceeds () at the steady 
state. In figure 1, Q, represents such a Q setting. If the pair [X(0), (7] 
lies on or below (7(7, speculators will attack the gold standard im¬ 
mediately. If [X(0), (7] lies above (7(7, the gold standard will survive 
temporarily, but it must eventually collapse at a predictable time z. 

The notion of a transient gold standard, implying a predictable 
collapse, may seem alien to the economist who senses foreseeable 
profit opportunities arising from discrete gold price and price-level 
movements. However, Salant and Henderson (197H), Krugman 
(1979), and Salant (1983) have shown that an anticipated collapse of a 
price-fixing scheme is barren ot profit opportunities. In a gold stan¬ 
dard collapse, the price level and gold accumulation rate will adjust 
immediately to preclude predictable speculative profit opportunities. 
Though it is an important development, the Salant and Henderson 
(1978) result has received scant attention; hence, we will spend some 
effort to present the concept in the context of our model. 

It is possible to derive a method for determining z, the time of the 
collapse. However, since we were unable to construct a closed-form 
solution for z, we will present only a general analysis ol the pi o <• 
continuity results necessary to approach a solution, leaving d 
plete discussion of the determination of z to the Appendix 
/'(z) are the postcollapse gold price and price level, t expet n . 
is the fixed gold price, the collapse will octur only if (7( 
agents foresee (7(z) > (7,,, then they anticipate a profit opp> 
z. Competition among agents planning to gain when the , 
dard collapses will lead some agents to purchase the go\< i 
gold stock just prior to z to reap the entire speculative profit. Sint e tl 
collapse would then occur before z, a foreseeable collapse at z can 
occur only if ()(z) = (7,,. 

Since goods are storable, no anticipated price-level jumps can coin¬ 
cide with the gold standard's collapse, although the monev stock will 
discretely decline. Foreseeable price-level discontinuities would open 
profitable speculative opportunities involving the storable good. The 
equilibrium price level will be determined currently sue h that at time : 
its path is continuous. 

We can graphically analyze the dynamics of a temporalilv viable 
gold standard using figure 2. /’„ represents the postcollapse price level 
associated with Q,,, X„ is the quantity of monetary gold when ()(z) = 

1 ' It on be shown that /’„ cm ceils /' when Q We realize that /’ and V aie Kali 

positive functions ot (7. I towevei, we have used litf, 2 lo analize di naitm s tor sevei at Q 
values lo presei vt* sunp^citv ol piesentaiion I he leader should lx* reminded dial die 
steady slate will actually move as we examine ditleiem Q values. 
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Q,,. Recognizing the coming collapse, agents foresee that afterward 
the price level and relative gold price will be driven by the dynamic 
laws established in Section I. Since (P,„ X„) rather than (P, X) serves as 
the terminal condition for the gold standard dynamics, the price level 
and monetary gold stock will not generally move along the saddle 
path during the gold standard’s temporary existence. 1 ” Instead, the 
system will follow an ostensibly unstable path and collapse when the 
monetary gold stock reaches X„, the gold hoard that agents are just 
willing to hold in the pure fiat system of Section I. In the Appendix 
we show how to compute P,„ ()(z), X„, and z. 

Multiple equilibrium paths .—We now study the possible equilibria 
that arise when the fixed gold price equals Q & Q h in figure 1. If X(0) 
< X,, the gold standard again will be immediately attacked. However, 
if the initial monetary gold stock exceeds ot equals X,, multiple equi¬ 
librium paths will arise. 

The multiplicity depends purely on agents’ expectations about the 
viability of the gold standard. If agents believe that the gold standard 
will function permanently, equilibrium will occur along the stable 
path SS associated with (), in figure 2, and P(l) and X(t) will decline 
toward the steady state (P, X). However, if agents believe that the gold 
standard will survive only temporarily, their behavior will establish 
the equilibrium along the path AA in figure 2. The terminal point for 
A A is (P,, X,), wheie P, is the shadow price level associated with Q,. 
When the system attains this tei initial point, () = Q, and the gold 
standard will be attacked. 1 '* 

In our model the potential for multiple equilibria arises whenever 
the government extracts resources through money cieation in a jsost- 
coilapse fiat regime. Such a policy ensures that the ()f) and XX loci of 
figure 1 intersect in the positive quadrant. As g and u decline, the QQ 
lot us shif ts downward, intersecting the XX locus on the vertical axis 
when tt = 0. When it = 0, multiple equilibria will occur only for a 
fixed gold price given by the height of this intersection point. 

Puce-Leve! Effects of Cold Monetization 

Since gold monetization is intended to provide a more stable price 
level than that of the current fiat system, we study the res|x>nse of the 
price level to a newly implemented gold standard. 

When the gold standard is immediately nonviable, the attack on the 
government’s gold stock causes the money supply to fall discretely by 


IM Since / J „ > l’ and X„ > X, I lie gold standard will terminate n«i tlicast ol (A A) in tig. 
2. However, without precise paiameter values, we do not know wheie X„) lies 
with icspeti to SS. 

,,J Sin<e P r > P and X, < X, the path approaching ( P f , X f ) must lie to the right of SS. 
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an amount QR. If the government does not otherwise alter its previ¬ 
ous money growth plans, the price-level path is displaced downward 
by £W[<)> — a-tr]. 

If the gold standard is permanently or temporarily viable, its price- 
level effects depend on the specific monetary growth path followed 
before the gold standard is announced, the price of gold, and the 
model’s initial conditions and parameters. 

For example, we may consider the price-level effects of a perma¬ 
nently viable system. Prior to the implementation of the gold standard 
at time 0, agents had expected a growing money supply. When gold’s 
price is fixed at Q, the monetary aggregate immediately jumps from 
AI(O) to M( 0) + QG(() -), where G(0 —) > 0 is the private gold hoard 
just before monetization. Once the gold standard is implemented, 
movements of X(l) drive the money stock. Depending on the choice of 
Q, the money stock may rise, decline, or remain static through tune. 

Since the price level is a weighted average of future money stocks, 
the gold standard need not stabilize prices relative to the fiat system.' 11 
In order to determine the pi ice-level effects of the inonetaiv system 
change, we must know the future money stock paths. Evidently, the 
money stock can evolve many different ways, generating gold infla¬ 
tion, gold deflation, or price stability. The gold standard may he more 
or less stabilizing than the fiat system, depending on the initial spe< " 
lative gold stocks, the parameters of gold and money detn " 
the fixed gold price. In practice, the price level can be si.u 
sterilizing the shift in the money growth path at the instant < 
zation and choosing a gold price placing the system at ns sic. 


Some Extensions of the Annlysis 

At this point we wish to consider relaxing three impoitant assur , 
tions: (i) QR < Af(0); (ii) the only open market operations undertaken 
while the gold standard functions are gold market operations; and 
(iii) the money growth path after a collapse is the pie—gold standard 
expected growth path. 

If open market operations occ ur only in the gold market during the 
gold standard era, the assumption that QR < A/(0) implies that QR(t ) 
< M{l) for all t. Enough currency to purchase all the government's 
gold at the fixed price Q always will exist, a necessaty condition for a 
collapse. Alternatively, it we assume QR > Af(0), the gold standard 
cannot collapse. When open market operations aie allowed only in 
the gold market, further currency creation corresponds to additions 


For an arbitrary money growth path, money mat kt-t equilibrium will yenri ale /’(I) 
= exp (cfiZ/ot) /7|A/(«)/a| exp ( <&n/a)ihl 
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to government gold stocks. Because the government’s reserves, always 
maintaining a greater value than outstanding claims, will never be 
attacked, the analysis for a permanently functioning gold standard is 
applicable. 

We may also relax the assumption that open market operations 
occur only in the gold market during the gold standard era. If gold’s 
price exceeds the minimum, permanently viable price, the govern¬ 
ment, though continually maintaining the fixed gold price, possesses 
some discretion to increase the money stock through channels other 
than gold purchases. Unless it is expected that they will be transitory, 
such monetary expansions raise the shadow free market price, Q(t). 
However, if the government limits the monetary expansion so that f> 
always exceeds it can still ensure a permanently functioning 

gold standard. 

Finally, we have assumed that the money growth path following the 
collapse is identical to the pre-gold standard path, = tt. 

This assumption is applicable if the government extracts a constant 
resource flow through money creation in a postcollapse economy. 
However, the government’s postattack, shadow revenue require¬ 
ments may continually rise during the gold standard’s operation, so 
that the postattac k shadow inflation rate also rises. Under such cir¬ 
cumstances, the ()() locus in figure 1 would continually shift upward 
through time, forcing the eventual collapse of an otherwise well- 
functioning gold standard. 

III. The Discipline of the Gold Standard 

Any pressure to reestablish a commodity base for the monetary sys¬ 
tem rests on a conviction that “discipline” generated by such con¬ 
straining rules yields beneficial price-level stability or predictability. 
However, viewed in a dynamic context of periodic movements from 
commodity to hat monetary systems, the discipline of commodity sys¬ 
tems is a mask obscuring the forces that drive the global dynamic 
money creation process. Since all commodity standard interludes 
eventually are superseded by fiat systems, the notion of discipline can 
characterize only the underlying forces generating the entire dynamic 
monetary process. The application of this concept to only one facet of 
a general policy sequence, overlooking the empirical realization that 
all previous commodity standards have collapsed into fiat systems, 
may lead to misplaced confidence in prescriptions to return to a com¬ 
modity base. 

Behind the sequential transitions from one monetary scheme to 
another that we have analyzed must lie a political economy that we 
have ignored. Such political economic forces determine the complete 
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dynamic panorama of the monetary process. Their nature can be 
gauged only by the entire sequence of monetary bases, not by the 
ephemeral monetary base that currently may operate. If the fiat seg¬ 
ments of the money creation process are inflationary enough, then a 
currently existing commodity standard may not be viable, even 
though if it continued the money stock would grow according to the 
commodity standard’s dynamic laws. A commodity system can be in¬ 
terpreted as a discipline-imposing rule only if the commodity stan¬ 
dard’s permanence is somehow guaranteed. As there is no means to 
secure such permanence, the notion of a commodity standard as a 
stabilizing rule is a chimera. 1'he monetary system is stable only if the 
global money generation scheme and agents’ confidence in it produce 
stability, not if money is temporarily created according to some transi¬ 
tional rule. 

If conditions arise that indicate the imminence of highly inflation¬ 
ary monetary policies contingent on a gold standard’s collapse, the 
gold standard, though maintained by a government conditionally and 
scrupulously obeying its rules, may not survive. I'he gold standard is 
hut one phase of an overall policy; lack of stability of the entire con¬ 
stellation of conditional tnoneiaty standards precludes the stability of 
any one of its commodity standard phases. In contrast, cut rent policy 
discussions prescribe the adoption of some commodity standard be¬ 
came conditional fiat systems are too unstable. However, simply ton. 
paring the price-level dynamics of two permanent money u 
schemes yields misleading results. The central political 
problem, that fiat systems are unstable, tan override am 
properties of permanently viable commodity standard' 
political system somehow ensures stability of the tone! 
epochs of its money generation process, implementing a < 
standard may be a provisional, if not momentaiy. exeui.M 
duct an analysis of changes in monctaiy systems requires the tcc..,, 
tion that all monetary generation rules are temporal v, predictably to 
be replaced under some circumstances. 


IV. Conclusion 

Many possible commodities can serve as monetary standards. How¬ 
ever, the sequence of items on which the monetary system has been 
based in modern times has been so limited th.it it can readily be 
characterized as a "gold-paper-gold" cycle. Since the cut rent paper 
phase of the cycle has allowed price-level instability, there has been 
some agitation to return to the gold standard. Proponents of such a 
return presume that simply allowing the market to determine the 
price at which gold will be fixed is sufficient to produce an “appropri- 



Matching, Turnover, and Unemployment 


Boyan Jovanovic 

Xnr Ymk l ' 


t ins paper ilexelops the xiew that xvorkeis move into and out ol the 
labor market because of changes in the perceived value ol their 
niaiket opportunities. A search model is combined with a matching 
model to yield movement cil workers lioin job to job attd into and 
out of employment. 


I. Introduction 

Work histories tell us that workeis move from job to job and that they 
also move into and out of employment. Vet theory tackles these two 
types ol moves one at a time. Turnover models are silent on moves 
into and out of employment, while unemployment models leave 
moves from job to job unexplained. Since both kinds of moves tan 
lead to large changes in welfare, surprisingly lew attempts are made 
at building models that explain both. 

One exception is Burden (1978). In his model, search on and off 
the job leads to moves from job to job and front unemployment to 
employment. But it does not give rise to any moves from employment 
to unemployment: only the new arrivals in the labor market are un¬ 
employed. 

I he fact is, most of the unemployed have had jobs before. To get 
moves out of employment, Totkka (197b) and Flinn and Heckman 
(1982) assume fluctuations in people’s value of nonmarket time. 
Changes in nonmarket opportunities thus give rise to moves out of 
the labor market. 


1 (hank Kenneth Burden tor suggestions that inspncd the wining of this paper 
James Heckman. (derm Mat Donald, C harles W ilson, and two lefetees made useful 
comments on an carlict draft 

[ Joumul of /’ahUffil 1 * 184 . \ol 'IU, no )| 

£ 1*184 in Ihe l nuersitv ol ( Imago All rights tesrrwcl (H)22-SK(I8/H4"li!01-(M)OH$OI VI 
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This paper develops an alternative view. This view is that workers 
move into and out of the labor market because of changes in the 
perceived value of their market opportunities. The paper takes a search 
model—much like Burden’s—and combines it with my matching 
model (Jovanovic 1979a). The result is a model in which all moves are 
endogenous; workers move from job to job, and they move into and 
out of employment. 


II. The Model 

The production technology is the same as in Jovanovic (1979n). Pro¬ 
duction functions have constant returns to scale, and labor is the only 
input. At each instant, the worker’s output is observed by him and bis 
employer; both are always equally informed about the quality of their 
match. 

The quality of the match between the worker and his employer is 
denoted by p; it stands for the average output produced over a period 
of time of unit length; deviations of actual output from its average 
level are normally distributed. If X(t) is the worker's cumulative output 
over a period of length t, then X(/) = pt + tr,/(i), where ,j, > 0 is a 
known constant, identical over all possible matches, lime is continu¬ 
ous, and Z{t) is the standard Wiener process, Z(t) ~ A’(0. I) Ibis 
process has independent increments—tov Z(t). Z(t') - mm u ■ 
Unknown at the start, the quality of the match, p, teveals it-- 
matc h produces output over time. 

Among all possible matches between workers and firms, , 
trjj. With no other information, a worker and his employer 1 
quality of their match as having been drawn from this <|i- 
They update their beliefs when they get some evidence. 

Evidence comes in two ways. 1 he firm hist scieens the woi kc 1 1 

outcome of the screen is a “noisy” estimate of p. »» = p + e. where e 

Af(0, cr;,). 1 he smaller cr,„, the better the screen. This paiameter limits 
how much one can learn about the match before one observes anv ol 
Hs output. 11 cr,„ = ■*, a match is a pure experience good— nothing can be 
learned about the match before it produces output. But if cr„ = 0, the 
match is a pure inspection good— one can learn its quality merely In 
inspecting it. 

I he second source of evidence is direct observation ol the output ot 
e mate 1 . for a match witli screen outcome w, job tenure t and 
cumulative output X(t) = *, the posterior dis.tibution of p is normal 
with v a nance 


«(0 - (~ 

\ erf, 


+ 


4 


(1) 
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and with mean 

£,'(|x]/H, x, l) = .V(m(—+ —TT-)- (2) 

\ cr^ < j ~„ ct; / 

The parameters cr^, cr;„, (t; and p. are known. The sufficient statistics 
are m, x, and t. 

Search On and Off the Job 

In my early work on matching (Jovanovic 1979 a), the worker never 
chose to be unemployed—he could start a new job whenever he 
wished. Here, we assume instead that his contacts with employers 
occur as a Poisson process, with rate X if he works and rate & if he does 
not. Both X and 8 are exogenous and costless; if the worker linds it 
easier to search when unemployed, X < 8. Further, he has no recall to 
employers by whom he was screened previously or to employers he 
has worked for before. 

The quality of a new match is independent of the quality of the old 
one. When a contact is made, the employer screens the worker. On 
seeing the outcome of the screen, the worker decides right away 
either to take the new job or to return to his old one. 

Is this seatx h technology reasonable? One could raise several objec¬ 
tions. First, search is neither costless nor exogenous. 1 Burden (1978), 
for example, assumes that it is cheaper to search when unemployed. 
Moreover, lie allows workers the option ol not searching at all. Our 
assumption of differential efficiency of on-the-job and off-the-job 
seaich is designed to reflect the behavioral effect of differential 
search costs in the two states. But if the intensity of search is 
significantly related to the perceived quality of the match, the job-to- 
job transition rate will be misspecified. We shall return to this point in 
the next section. 

Second, this model has it that, apart from unemployment compen¬ 
sation, the only reason why the worker would choose unemployment 
is that the chance of getting a job offer is higher (8 > X). Is this 
assumption justified? An unemployed worker does have metre time to 
search, but he is also “further removed’ - from the marketplace so that 
the time spent searching may not be as productive. Flinn and Heck¬ 
man (1983) find evidence that, for young men, 8 > X, although their 
conclusions are conditional on the truth of a simpler search model. 

T hird, the worker would like the option to recall past offers. Sup- 


1 In a model with cosily arid endogenous on !lie-job search (Jovanovic 1979 b) il is 
shown that the well-matched workers and workers with relatively more firm-specific 
human capital spend less time searching 
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pose he quits job A because a better offer arrives for job B. If job B 
turns out to be a disappointment, be wiii want to return to job A 
unless another decent offer has turned up in the meantime. More¬ 
over, the no-recall assumption rules out temporary layoffs, which are 
so common in U.S. manufacturing. With recall, some temporary sep¬ 
arations would take place in this model. Nevertheless, only a small 
fraction of the temporary separations one observes can, I think, he 
explained by a model in which product demand does not fluctuate. A 
separation caused by a mismatch is likely to be permanent. 

Preferences: Workers and firms are risk neutral and infinitely 
lived. They discount the future at a common, constant discount rate. 

Kquilibrium: Firms hid for workers by offering them lifetime con¬ 
tracts that, by assumption, are honored ex post. The same contracting 
assumption is used in Jovanovic (1979a), where it is shown that, since 
this mechanism transfets all the rents from the match to the worker, 
one equilibrium is for the firm always to pay the worker his expected 
marginal product, so that 


w = £(p,|m, .v, t) (:)) 

is the worker’s pay at each time, '[’his wage contract (i.e.. a function 
that relates sufficient statistics to wage payments) is. however, not 
unique. Only the turnover behavior (i.e., the function that relates 
sufficient statistics to quit decisions) is unique (see Jovanovic 1979a, 
theorem ^). 1 shall refer to w as “the wage, even though wages and 
marginal products may diverge. 

A troubling feature of contracts that bestow all rents to i! 
is that they are not consistent (“self-enforcing")—the firm w 
cheat and pay well-matched workers less than their produc 1 
enough to keep them. One standard reply to this is that > 
cheats one worket will develop a bad reputation in the ■ 
laige, as well as with the rest of its own work force. A set mm 
prevent cheating is to make contracts (such as the one in ecj. |.»j, 
explicit and legally enforceable. In the absence of such const taints on 
firm behavior, the only perfect equilibrium in this model is one in 
whic i wages are driven down to the workers' value of leisure, and no 
turnover and unemployment take place! 1 shall assume that contracts 
are legally enforceable or. equivalently, that the firm’s incentive to 
cheat is outweighed by its concern for its reputation. 

I he martingale properly of conditional expectations implies that 

the workers current job wage is a random process without drift. In 
tact, let 


tt(/) = --- 1 

(1 /ct£) + (1 / crf„) 

S 


_ 1 _ 

(1/u't) + (1/cr'l) + (//,/;) ' 



1 1 2 


JOURNAL OF POLITICAL ECONOMY 


This is the posterior variance, subtracted from the prior (but post¬ 
screen) variance. It increases monotonically from zero to (cr,^ + 
er,„ 2 ) Chernoff (1968, lemma 4.1) shows that the wage is a stan¬ 
dard Wiener process in the tt(/) scale. That is, w = Z[ir(t)] + £(p|m, 
0, 0), wltere, of course, Z( 0) = 0. 

The three sufficient statistics (m.x, t) can be reduced to just two: the 
posterior mean and posterior variance given in equations (1) and (2) 
or, equivalently, equations (1) and (3). Since S(t) is strictly decreasing 
in /, one can use t in place of S(t) for one of the sufficient statistics, so 
that our pair of sufficient statistics is ( 7 c, I) —the worker’s current wage 
and his current length of job tenure. In this stationary world, neither 
his age nor anything else in the worker’s employment history will 
affect his behavior. 

While unemployed, the worker gets an unemployment insurance 
benefit each period, for as long as lie stays unemployed. Let 1 / be the 
combined value of leisure and the unemployment benefit per period. 
The present value of becoming unemployed is constant over time and 
is denoted by V. 

When a new job offer arrives, it will have an initial wage equal to 
/i(p.| in', 0, 0), where in' is the outcome of the screen for the match 
between the worker and that particular job. Since both ji and m are 
normally distiibuted, the initial wage is also normally distributed with 
mean ft and variance cr^/(cr)i + o';,,). Let /•'( w) denote this distribution. 
Search on the job as well as search olf the job yield offers that are 
drawn from F. 

Let V(u\ l) be the present value of income when the worker is on a 
match with sufftc ient statistics («>, t). If the cost of job change is zeto, 
the worker will change jobs if his on-the-job search yields him an 
initial wage offer w' such that V(w', 0) > L(t<', /). If the reverse in¬ 
equality holds, he will reject the offer and continue working on his 
current job. I his defines a reservation wage <j>(7C, 0 that solves 

V(w, I) = Lfctgre, /), 0]. ( I) 

This is a reservation wage in the usual sense: if w' d>. the outside 
offer is rejected. However, while the worker’s current job situation 
(summarized by w and /) may change over time, the worker's outside 
opportunities (summarized by \ and F) remain title hanged. The job- 
to-job hazard rate is 

\(7C, t) = \{ 1 - /•'[<}>(«’, /)J}. (5) 

If the current match is a disappointment and if acceptable new 
offers do not arrive, the worker may c hoose unemployment. Let 0(/) 
be the lowest wage the worker will accept on his current job and still 
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remain there. At tenure t, a wage lower than 9(1) will lead the worker 
to quit and become unemployed. Then 0(<) solves the equation 

V[0(/), <] = U. (6) 

Finally, let tji be the smallest wage offer that will induce the worker to 
leave unemployment and accept the job. Then 4* solves 

U = m 0). (7) 


The hazard rate from unemployment to employment is just 8[ 1 - 
f (»),)]. The present value of unemployment satisfies the equation 


V = 


.0 IJt 


''udt + 


. 1 * 


V(x, 0 )f(x)dx + F(ty){J 


he b d'l\ 


which simplifies to 
V 


1 


r + 8[I — f'(t|»)] 


u + s[ 


V(x, 0 )f(x)dx 


( 8 ) 


If 8 = 0 (no offers ever arrive), U = ulr. 

l'lie corresponding equation for V requires some detailed develop¬ 
ment and is given in equation (Al), which defines V in terms of a 
patanietrically given value of U. Equations (8) and (Al) provide ns 
witli two equations that are to be solved for V' and U. In the Appendix 
to the paper it is shown that these equations have a unique solution 
for V and U if 


X 
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The second term in parentheses is the variance of the w. 
distribution, and \ is the speed with which offers from that 
tion come ill. Equation (9) says that search opportunities mu 
too favoiable compared to the rate of discount, r. One slm 
that this condition is sufficient but not necessary.“ 

I oi t 3* I, let Jl(ui ; t, w, t) — prob (w T *s w'juy = w).' 1 Ins is ic 
probability that, given (w, l) today, the worker will still be in Ins ctu- 
rent linn at time t, and that at that time his wages will not exceed 


One could weaken condition (9) considerably by assuming that, instead ot \(f) 
cumulative output is given by Jf, Q_[dX(s )when Q is some bounded turn non ol 
Ule mstanlaneous mutually observed latent variable increment I Ins does not alter the 
learning struciuie, and it puts an upper bound on the instantaneous teward in the 
value function, thereby making existence pioots easier On ihe oihci hand, il also 
introduces an aibitrary Iranslormation (1 that romplicates die rest of the anahsis. and I 
Inail abstain from using it here. 

Ibis probability is rigorously derived ill ihe Appendix. 
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lotl.iy, the h orkri will n <>t have If ft by time t- 
An increase in the cm rent wage re increases [> tot two leasons. rust, 
the higher die current wage, the less likely it is that at any f uture time 
it will full to the point ti(-) at which the worker will choose unemploy¬ 
ment. Second, the higher the wage is today, the higher it is likely to be 
in the future, and the less likely it is that the worker will be bid away 
by another firm. In other words, both tvpes of transition are more 
likely for the lower-paid workers. 

I he value function is differentiable in tu and t, with (f) V/dw)(tv, t) — 
ft e { i /'( T > tv, l)/lr, which is positive for w > B(f). Since the wage is a 

random walk, a unit increase today raises expected wages by a unit in 
evety future period. 1 he unit increase is, however, enjoyed only for 
as long as the worker stays with the firm. Since p increases with w, so 
does dV/div. In other words, V is convex in w. 

Since the wage process can he written as tv = Z[tt( 0] + h'(p|in, 0. ()), 
one can write wages in differential form: 1 rhv(t) ~ Vrl-n/dt t/Z[ir(t)] = 
[.S(0/crJr/Zfir(0j. 1 he standard deviation ol the wage increments. 
S(/)/(j, declines with t. Now V depends on t only through the effect oft 
on S(t). Since V' is convex in the wage, we conclude that dV/Ht < (). The 
t isk-neuiial worker Faces a wage that follows a driftless process. He is, 
however, insured against the downside risk by the option of becoming 
unemployed and by the possibility of getting a wage offer from an¬ 
other employer. 


III. Reservation Wages and Hazard Rates 

flu- three reservation wages are <)>(«>, t), 0(0, and 4>. They pertain, 
respectively, to job-to-job, job-to-unemployment, and unemplov- 
ment-to-job transitions. 


Job to Job 

Since ilVIdw > 0 and dV/dt < (), differentiation in equation (4) with 
respect to w and to t yields 


d<J) 

Sw 


> 0, 


< 94 > 

at 


< «, 


4>(ni, 0) 


w. 


( 10 ) 


I bis implies that wages and reservation wages diverge from each 
other as t increases; I) < w for t > 0. This means that after he has 
worked somewhere for a while, the worker will be willing to accept a 


See t.ox and Miller (1965, p 228) for details on transformations ol the Wiener 
process. 
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job with a lower current wage. This is a prediction that was also 
present in human capital models in which a worker would trade a job 
with a stubie wage for a job on which his initial wage would be lower, 
but because of on-the-job training the new wage would grow and 
“overtake” the old wage.'’ Our prediction has the same /favor: the 
worker would give up a job with a stable wage in favor of a job with a 
lower initial wage, so long as the new job offered the possibility of 
growth. Here, job tenure t is an index of f uture wage stability; as t 
increases, (he worker becomes less demanding elsewhere—hence the 
decline in <J>. Evidence indicates that quitting to take a job with an 
initially lower wage is quite widespread, especially for older men (Bar¬ 
tel and Borjas 1981). 

The job-to-job hazard rate is given in equation (5), it decreases with 
wand increases in I: Dk/dw = — \ J (Hcp/ilw) < 0and rtk/iit = — kf(bifo/dt) 

> 0. When conditioned on the wage, X exhibits positive duration de¬ 
pendence. This prediction too has been made, less formally, by the 
human capital theorists. Their argument assumes that general skills, 
transferable ac ross firms, are accumulated on the job. If the worker's 
wage is held constant while the worker’s general ptoductivitv grows, 
his alternative wage will rise and he will be more likely to lease." 

Equations (4), (6), and (7) imply that <j>[B(t). /) - i|t. When ic = 0(f), 
the worker is indifferent between staying on and becoming unem¬ 
ployed. But he is also indifferent between staving unemployed and 
taking a job with an initial wage of«|>. Since 6(f) is a lowei bound on re. 
i|t is a lower bound on cf>( t<>. t). 


Unemployment to Job 

The unemployed worker’s reservation wage is ir. The rate 
ment from unemployment to employment is fi| 1 - /-'(,[,) | v 
/) i|i, this rate exceeds the job-to-job rate if k sg t>. 

1 he constancy of the unemployment hazard reflects the usmh 
permanence of unemployment insurance. It is, of course, desn able that 
theory should reflect the temporary duiation of unemployment 
benefits, but my attempts to take account of it quickly led n, an unex¬ 
pected complexity in the analysis. The reason is that, in addition to 
endowing the unemployed worker with temporary unemploMitent 
benefits, one must also insist on a minimum duration of continuous 
employment prior to the unemployment spell. Without this requite- 
mem. as the expiration date of his benefit approached, the .mem- 

^Sec Mincer (1974), esp. the references lo overtaking 
one im.’« 3. Ctk r r "**» J ° gcl ,h,s c,,c " ,n 'he human capm.l model, howete,. 

JEC3&1S5S? ” **■».. "■> 
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ployed worker could accept any job for an instant and then reenter 
unemployment immediately, thereby assuring himself of another 
maximum period of coverage. 


Job to Unemployment 

Since bVJDt < 0 tor w > 0(/), equation (6) implies that 0(/) is increasing 
in /. Equations ((5) and (7) imply that 0(0) = ij/. Therefore 4/ is a lower 
bound for both 4> and 0. In other words, the worker is least demand¬ 
ing when he is unemployed. This is not surprising—unemployment is 
something the worker can always have. 

The job-to-unemploymeni hazard is hard to characterize. The only 
result is that it must initially increase.' Flint) and Heckman (19815) find 
that when one controls for unobserved heterogeneity, the job-to- 
unemployinent hazard does indeed show an initial increase, but that it 
eventually declines. This finding agrees exactly with the prediction in 
Jovanovic (1979«). That prediction was based, however, on there be¬ 
ing a positive probability that the worker would remain on his current 
job forever. In the present model, every match ends with probability 
one: even if unemployment were never to become an attractive op¬ 
tion, the worker is sute of eventually getting a better offer from 
another employer. 

IV. Learning by Inspection versus 
Learning from Experience 

Recall that if cr„, = 0 all learning about the match is entirely by inspec¬ 
tion (t.e., through the screen), whereas if cr,„ = *, all learning is Iron) 
experience. 


Perfect Screen (rr„, — 0) 

When all learning is by inspection, the wage on a job is constant and F 
does not depend on t. None of the hazards exhibit any duration 
dependence; in tact, since V (on a given match) and U ate both con¬ 
stant, the job-to-unemployment hazard is zero. This version of the 
model is similar to Burden (1978) and, in some respects, to Flint) and 
f leckman (1982). 


7 For any distribution (»(<) with density g(/)(/ *01 with g(0) - 0, the hazard g(t)/| I 
0(1)1 increases at f = 0 because g docs In the pi event context g is a ttansloun ol the 
first passage density ol the pi or ess delined in ecp (3) through the boundary 9(0- Fnsi 
passage densities for diffusion ptoc esses have the pioperty that g(0) = 0 so long as irfdl 
> 9 ( 0 ) 
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, matching 
■No Screen ( cr m = °°) 

In ill is case, the only way to learn is from on-the-job experience. The 
variance of the initial wage-offer distribution (F) is 0 ^/( 0 ^ + cri), and 
it lends to zero as <r„, gets large. A striking difference between this 
polar case and the previous one is in the behavior ot wages: in the 
experience case, all wage growth takes place on the-joh, while in the 
inspection case all wage growth takes place between jobs. 

In the general case, this model gives us a theory of on-the-job and 
off-the-job wage growth. 

V. The Semi-Markov Property 

As a two-state model of employment and unemployment, this model 
is semi-Markov: only the state and the length of time spent in that 
state matter. This is trivially true for the unemployed state in which 
even duration does not affect the probability of leaving the state. The 
transition to employment can take place only from unemployment, 
and the initial conditions are fully specified by the initial wage draw. 
The distribution of the initial wage draw is/(a>)/(l ~ /‘ ('l')]: since i|» is 
a constant (independent of history), this distribution does not depend 
on the worker’s histoty. In the employed slate as well, neither the 
initial conditions nor the subsequent evolution is affected by die his¬ 
tory dims the model is scnn-Markov. 

Job durations, on the other hand, are distributed neither identic alh 
nor independently, except if <j„, = x. When cr,„ - x, /•'(«>) has /eio 
variance; all jobs appear identical ex ante, and match quality is inch 
pendent from one draw to the next. 8 When cr„, < x, this ls n 
true. Id see why not, assume that <t„, = 0. Conditional on t 1 
the distribution ot job durations is exponential, with meat 
/ r (u | )|} (recall that in this special case neither w nor <J> depei ■ 

Since successive jobs start at successively higher wages, die m ■ 
is likely to last longer than the first, even when one does not t> 
on wages. T his shows why job durations are not nlenthallx clistni ,,,, 
To see why independence does not hold, assume that the In si job 
lasted lor an unusually long time. This makes it likely that the wage 
on the fiist job was higher than the average first-job wage. I lie wage 
on the second job must have exceeded the first-job wage, and since 
the lattei was unusually high, the second-job wage is also likely to he 
highei than usual. 1 herefore, the duration of the second job is likelv 

<r '" = *• l oh diiialions follow a pure icnewul proress See losanosU (I‘l7t»n, 
p. yn') tor further details. 
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to be longer than usual. And so the durations of the first and second 
jobs are positively correlated, so long as one does not condition on 
wages. 

This correlation will be preserved lor tbe general case when rf > 0, 
which means that movements from job to job do not possess the 
Markov property. As a two-state model, however, the model is semi- 
Mar kov. !> 


Appendix 

We begin vs it It a representation of tbe wage process on a given job. This 
piocess is defined by equation (A) and by tbe slimline genetaltng the 
siiHh tent statistics (in, .v, /). l be process is Helmed independently of tbe wot k- 
ei's actions. 

Let (11, P) be a probability space, with (a £ lit he elementary events. 7? is a 
sigma algebta ol subsets of 11; P assigns probability to sets in (f. For I E [0. «) 
let te(t. co) be tlit? sample function of the wage given that w occurs. Since l!h* 
wage is a Wiener process, tbe sample hint (tons arc continuous with ptobabtl- 
il> one (Feller 1971, p. 1HI). For r ?• I > 0, w 6 R, and any continuous 
I mu lion 0(0, let A (/S', t, li, l\ 0) =-= {u>: w(t, co) £ R. ic(t, io) E IS', w(i, co) S 0(c) 
fot t G [/, r]}, where R’ and R are hotel subsets of the real line. 1 he sample 
functions xi‘(t, io) ate defined independently ol whether tbe wotker stays ot 
leases. I.et 

» (t, /, u», <f») I - ex]> IA jf ^1 - F{(|>| ir(s, ( 0 ), 

I bis is the piobabiltly that tbe sample j>aib w(l, to) will be “extinguished" on 
[(, t| Ik'< ause a bellei job olfet It.ts been (ound. Therefote, ol those paths that 
start in IS and end up in R', the* I rue (ton extinguished is R (R’, t, R, I, <J>, 0) ~ f \ 
/(t, I, co, <f>)/•’(c/co). I.cl IUR'; t, io, I, 0, i|>) be the jirobalnlily that die wage 
luiHlton (which starts (tom w at () does not get extinguished (either because 
the worker takes a better job or because he chooses unemployment) by time t 
and that ic(t, co) E R’ Then for any Borel subset R ol the leal line, H satisfies 
(I - R)P(A) f n H(R'\ t, w. I, 0, <\>)I)(dw; /), when l)(w\ I) a- /•'{co : w(t, in) < 
a’} is the unrondilional jirobalnlily ol wages at I. file solution lot H exists and 
is unique (Feller 1981 , ji. Ifitt). 

Alter Ibis lather mechanical development, we ate leady loi tfie worker's 
decision jiiobieitl when emjiloyed While in his cm rent firm, his instanta¬ 
neous payoff is the wage. II be leaves to become unemployed, bis jiayofl is V 
in piesent value. II he leaves for a better job, he gets V(u>', 0) in present value, 
whete ie' is the starting wage on the next job. The rneastite of exit to otliet 
jobs at t (t > I) is /^ (11 \{1 — F[4)(s, t)J}//( rh; t, re, /, 0, if). The measure ol exit 
to unemployment is as yet undefined. Io avoid further algebra, we shall 
employ the following “trie k': t.et II) and If,, be two jiayolls, and p\ and pi the 


' Heckman arid Horjas (1980) present evidence against the semi-Markov model In 
finding what they call "otc urrence” dependence with unemployment spells: the pattern 
of prut unemployment expc iicm e seems to affect how long the present unemployment 
spell will last. 
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r T < i^alVlie present value of unem- 

p*(llit - ill) >' , ' lds 1,11 y- | r a better job. We shall say that 

.tVr'r^nr 

V "IT,/ But.( termination is because of a better job. lie gels V (u- , 0) - 
r’lnTew onhe above-,mentioned idem,,y, this reformula,,on alters neither 
the worker's optimal policy nor Ins payoff. 1 bus. 


V’(te,/) = max 
!>.<!> 


''£;(T, W, t)tl T + 


U e“’ (T n H(th, w, I, H, <t>, 


(Al) 


whete 


£(t; u\ i) 


X + Xl | V(u’’, 0) - l’]J(io')<h>'\m<lx-, T, te, /, B, d>). 


where /?(t_) = 1 - fS ( , ,//(rfw';T-) is the probability that exit (for either 

reason) lakes place on [/, t 1, a_nd whete 0 and <|> are testncted to be continu¬ 
ous Note that H - 0 and H •= 1 everywhere if w < 0(0 I he standaid 
contiaction mapping theotems (Blackwell 1965) (annul be applied to the 
operator on the tight-hand side of equation (Al) betause § is not bounded in 
w. Dividing both sides of equation (Al) bv £ + (ic - p)" (lor some £ 0) 

and defining V -=■ V'/[£ + (re - p)'] yields 


V(w, 0 = max 

«<t> 


c " T -''^rfT + - - [ e ’ ,T '7/1. i \ 

e + (w • pr h 


where 



_j_ 

(te - p) 2 



_a 

f (w 


+ X 


P)" 


£ + («■' - p) 2 


£ r (te - p)‘ 


f(ie'.O) 


M/6‘ 


To prove existence of V one must show dial the operator on the light-hand 
side of equation (A‘2) is (i) continuous in (te. /), (it) bounded in (te,,). and (lit, a 
contraction mapping. 

i) // is continuous because n is the distribution ol a diffusion process trun¬ 
cated by continuous boundanes (Cox and Miller 1965). Evidently. £ is con¬ 
tinuous in both w and t. 

ii) (, certainly exists lor any bounded V; J is normal, and II is essentially a 

“Scaled-down" noiinai distribution. Moreover, lor any constant a, \H(d\, t, 
w . ) is <)(ie) because the variance of the wage process is unaffected bv its 

position. In fact, | —* 0 as (ie| —» <x>. 

iii) Let Vi, R 1 be two bounded and continuous I unctions Let £ t 
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and denote (lie two resulting values of \ when evaluated at L| and 
respectively. Let j| || =3 SU p |.| („, e H 1 , I €E fll). Then 

nil ~ full ^ A sup - 0) - v t (v'. 0 )|/( 7 v-)dw' 

w.i JMv.n e + ( 7/1 - ji)~ 

*5 A sup I — --- —|L|(u/', 0) — Vjjfii 1 ', ())| fdw' 

uj ’ * t + (n> — pi)' 

"SAIF ———-——— sup 0) — Vt(w', 0)| 

(trp. + <r^)J „■ 

when t — I. I he last inequality follows because/[ I + («>')'] f{w')(hv is equal 
to the (ettn in square brackets in the expression alxnc. We have proved that 
lilt ~ loll ' A||f'i - V4 d A{I + [<J^/(tT^ + ir 7 „)j} =s A. Lhen equation (A2) 
implies that the contraction propelty holds if A < r. t his is equivalent to the 
condition in equation (9). 11ns condition is sufficient; by varying e away Irom 
1, weaker (and more complicated) conditions can be denved. 

Having proved the existence of a unique V'fie, /), we then obtain a unique 
V(j r, 1) = [e + (w • jX) 2 ]l'(u', /) satisfying equation (Al). 

We base, however, a fixed-point pioblem in a function l’(tc\ t) and a scalat 
(' file solution for L obtained fiom equation (Al) depends parametrically 
on (’. Let us make this explicit by writing it as V(U). We shall now ptove that 

llV'(b'i) - V’<L,)II « |f/| - // 2 |. (A3) 

An application of the envelope theorem shows that V is differentiable with 
icspect to U and that (cH7c)( ' )( w, I ) = /,' r~'"~ l) p(d t; ic, I), whete/dr; ie, /) is 
the probability that a transition to unemployment has already taken plate by 
time t. given (te, t) todav 1 he proof is parallel to that of (itf'/ette, and so it is 
omitted lieie. Now for all (u\ f), p(dt\ u 1 , 1) s I, and therefore HVIdU =£ 1 lot 
all (io. I). 1 " Since the result also holds for all U, equation (A3) follows. 

1 he result in equal ion (A3) shows that the operator defined on the right- 
hand side of equation (H) is a contraction mapping (oil scalats V) with mod¬ 
ulus 5[! — /•'(iji)]/{; + 1 -- /• (ip)]} < I. This completes our proof of the 

existence of equtlibtium. 

We turn now to diffeienttahilily of V. The proof of different lability with 
respect to w heavily utilizes the fact that the evolution of the wage increments 
does not depend on its initial (rosiuon, w. Let i»(t, in) = k (t, to) — ir(f, to) 

I hen, since the me tements ol w do not depend on its position, H(w'\ t, hi, /, 0, 
cf>) = H(v, r, 0, /, 0 - a 1 . d>"), wliete cp" = cpfm + v, s) — u>. If die current wage 
is u‘ + p, the slopping boundaries f)(j) + p and <p(.t — p, /) + p are feasible I 
hate chosen these hypothetical feasible boundaries so as to keep //(o, . . .) 
unchanged. Since the hypothetical lx >u Hilaries are not necessarily optimal. 

10 One c an also show that /i(t; w, I) is inc leasing in U and that V is therefore convex in 
l 1 he intuition is simple When V is very small, the opiion of unemployment is riot 
likely to be used, and a one dollai me lease in U will not raise die employed worker's 
welfare by much. Bui an mciease in V raises 0(f) umfoi mly (see eq. [6]) so that when f 
is larger and 0 is closer lo w, a dollar ineiease in U is worth mine in present value. 
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‘V(w + p. t) exceeds the expression on the right-hand side of equation (Al) 
when it is evaluated at these boundaries. Therefore, 


V{w + p, 0 — V(w, I) 


pfV'* 

Je 


B(t) - w 


H(dv; t, 0, t, <f)“, 8 — w)di. 


A similar argument using policies optimal when the wage is w + p leads to 

V(a» + p, 0 - V(u-,0«P W(di>;T, 0,(, <f>' , M ', 0 - w - p )di. 

Jt J am - ii. p 

Dividing both expressions by p and taking the limit as p—* 0 gives us existence 
of the derivative: 


<U' 

ilw 


(«'. n 


•* r-r 

Jo<T) -- »*' 


H(dv\ r, 0, I, (f>“, 0 - u'). 


(A4) 


This expression is slrtuly positive wltenever the wage exceeds 0(0- As w -* 
9(0. however, H(v, t; ...)—» 0 for all t > /, so that (dV/dw)[Q(t), /] - ()—die 
well-known condition of “smooth fit” in optimal stopping problems, as it 
applies m our case 

Rewttttng dvldu> in terms of the cumulative wage distribution, 

—— (to, i) = I e ’ (r ~ n I H(dw: t, w, I, <1>, 0). 

0w Jem 

The proof of tfte existence of dVIHt goes the same way; the kev again is to 
transform the problem in such a way that neither the evolution of the wage 
process nor the feasible set for the controls (0, cf>) is affected hv t This can be 
done by using the standard Wiener property of the wage when die time scale 
is changed I torn [f, *) to (0, ,S’(/)) Since the same procedure is used in 
Jovanovic (J979«, app.), we shall not repeat it Itere. I lie derisatne dial one 
obtams using this procedure cannot, however, he signed for this mm, 
plicated problem. 
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Are Bond-financed Deficits Inflationary? 
A Ricardian Analysis 


Bennett T. McCallum 

Car'itfni'-Mrllun Ihiwenity mid Xulwhut Hitnnu <;/ iuoiiuinii Hnrniih 


•his paper considers the jiossible theoretical validity of the following 
monetarist hypothesis": that a constant, positive gcncinmcnt 
budget deficit can he maintained peirnancntl) and without inflation 
if it is financed liy the issue of bonds lather than money I lie eptes- 
tton is studied in a discrete-time, petfect-fotesight seision ol the 
competitive ec|uihbvium model ol Sidrauskt, modified fn the inclu- 
stott ol government bonds as a thud asset. It is shown that the 
nionelaiist hypothesis is invalid if the deficit is defined enclusne of 
tiiteiest payments, but that it is valid tindet the content],mal 
definition It is also shown that the stock ol bonds can go,,, 
indefinitely at a late in excess ot the rate ol output glow th. pur 
that the difference is less than the rate ol time pteletence 
fotmal conclusions do not take account ol possible Itnntam 
taxing cap,tetly aiising from default incentives that tend to u , 

I he slot k oi bonds. 


I. Introduction 

Recent developments in U.S. monetary and I,seal affairs have led a 
new. of interest in , SSU es reminiscent oi the "monetai 1st vs. Ketnes- 
n < Oates of previous decades. In particular, die Council „l f to- 
no"", Advisers 19*2 and 1983 forecasts of a long s.nng of wnus,tails 
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large federal budget deficits, together with the Federal Reserve’s re¬ 
peated avowals to keep monetary growth rates low, have conferred 
intense practical interest upon the question of whether bond-financed 
deficits have significant impact on aggregate demand and thereby on 
price level and/or output magnitudes. In addition, recent academic 
emphasis on improved choice-theoretic foundations for aggregate 
specifications has led to some new notions regarding monetarist mod¬ 
els. most prominently in (he work of Sargent and Wallace (1981, 
1982). 

The present paper seeks to contribute to the theoretical under¬ 
standing of such issues by consideration of a precisely specified ques¬ 
tion that bears directly on (he monetarist notion that bond-financed 
deficits are unimportant lot aggregate demand. In paiticular, it asks 
whether it is possible that—in an equilibrium model of a nongrowing 
economy with maximizing agents and cleared markets—a positive 
government budget deficit can be maintained permanently and with¬ 
out inflation if financed entirely by bond sales, the money stock being 
held constant. As it transpires, the answer to this question depends on 
the way “deficit” is defined, the crucial distinction involving the inclu¬ 
sion or exclusion of interest payments on outstanding government 
debt. 

II. Preliminaries 

In order to limit the issues at hand in a manageable fashion, it will be 
presumed throughout the analysis that the economy can be repre¬ 
sented by a deterministic, aggregative, flexible-pi ice, equilibrium 
model. For some issues, su< h a model might be inadequate or mis¬ 
leading. Our present concern, however, involves the* influence on 
inflation rales of a policy stance maintained over an extended period 
of time. For that type of concern, a flexible-price equilibt ium model—- 
which presumes that aggregate demand effects are manifested 
primarily in price level or inflation responses—seems well suited. 

As a matter of terminology—and to sharpen the issues—let us 
define a monetaiist viewpoint as one that asserts that bond-financed 
deficits have no effect on aggregate demand. More precisely, our 
monetarist hypothesis is that, for given time paths of the money stock 
and government spending, it does not matter for aggregate demand 
whether the necessary revenue is raised by taxation or by bond sales. 
In other words, bond-financed changes in tax receipts have— 
according to the monetarist hypothesis—no effects on the price level 
or on output. 

At this point, it perhaps needs to be asked whether there is any 
explicable reason to believe that the monetarist hypothesis (as 
defined) might be collect. Discussions in the most well-known refer- 
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ences notwithstanding, 1 the main intellectual support for such a posi¬ 
tion seems to be provided by the “Ricardian equivalence theorem, 
which obtains in some models in which infinite-lived agents correctly 
take account of the effects on future budgets of current budgetary 
actions. 2 With fixed time paths of government spending and money 
creation, any bond-financed change in current taxes implies changes 
in future interest payments to be made by the government. 11 these 
arc to be financed by lump-sum taxes and if the government and 
private agents face the same market interest rates, then the change 
will have no effect on a representative private agent's intertemporal 
budget constraint. Under such conditions, then, a bond-financed 
change in taxes will have no effect on the agent's supplies or demands 
and, consequently, no effect on the price level or output just as 
predicted by the monetarist hypothesis. 

lire foregoing statement of the Ricardian result presumes that 
agents have infinite life spans, which is obviously untrue. But. as is 
well known, Barro (1974) has demonstrated that an economy of 
hnite-lived agents who care about the utility of their offspring or 
parents may, under reasonably general conditions, be treated for ana¬ 
lytical purposes as one with infinite-lived agents.' 1 Consequently, this 
feature of the analysis seems acceptable, given the aims of the inves¬ 
tigation. 

A second crucial assumption of the Ricardian analysis is that agents 
are cognizant of effects on their own inteitemporal budget con¬ 
straints of governmental debt issues. But this assumption is merely a 
particular application of the hypothesis of rational expectations, the 
met its of which have been detailed extensively elsewhere. 

Other complicating aspects of reality—uncertainty, disti ll- 
I eels, multiple interest rates—are also ignored in the R 
equivalence argument. But the same is tine of most policy-, 
theoretical analyses of macroeconomic phenomena. As tlx 
apparent teason why the issue at hand requires a different 
treatment, it would seem satisfactory to neglect them heie. ay u'. 
where. 1 


1 Many «l these .ire intituled in Gordon (11)71) and Stem (l!)7(i) 1 he models i \ pi - 
< .illy assume th.il consumption ot pi tv.tie expeiichtine depends directly upon pin.tie 
wealth, with gmetnmeiit debt nit hided .is ,i t omponent ot the I,met (see. e g . lit mint t 
.nut Melt/et IllVti, p. 71?) In these models, then, .t l>ond-hi united l.tx led lit lion tin et lit 
nut eases aggregate demand 

' III tins analysis, and in what follows heie, taxes ale assumed It) Ik' ol the lump stun 
y.u lelv 

’ 1 Ins statement presumes dial iriteigeneiaiion.il n.msfeis ate opet .tine A tlist ns- 
sum ol t lreiiinsuntes nndei whit It Bat io’s lesull is mapplic able is pros tiled In l)t a/en 

(l‘J7Nj 

1 Bat ro (|<)74, 11183) argues that negleil of these eomplitalmg Icatuies does not set \e 
to distort the lesults in .tpi edit table dnettion. 
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The discussion thus far seems to suggest that bond-hnanced deficits 
could indeed be noninflationary. Each bond issue/tax reduction pack¬ 
age has no impact on aggregate demand or the price level, so a se¬ 
quence ot bond-financed tax reductions should apparently have no 
impact on the inflation rate. But it is possible that the situation is 
different in the case of a permanent deficit, financed by indefinitely 
continuing issuance of bonds. In that case, as the deficit continues the 
outstanding bond stock continues to grow. So, accordingly, does the 
interest that must be paid each period on the outstanding stock. If, 
for example, the magnitude of the real deficit (net of interest pay¬ 
ments) is kept at d, the real bond stock b, will be required to grow 
according to 

b, = (1 + r)b ,_ | + d(i + r) (1) 

if the real rate of interest is constant at the value r. Thus the bond 
stock will in this case grow without bound; if d > 0, b, —> » as l—* *. 

Barro (1976) has argued that under these circumstances the Ricar¬ 
dian equivalence argument breaks down. In particular, he suggests 
that the rate of growth of the bond slock cannot exceed the economy's 
rate of output growth—here temporarily taken to be /.ero—because 
"the value of the outstanding stock of debt at any point in time is 
bounded by the government’s . . . present value of future taxing 
capacity" (11)7(5. p. 3-13, n. 2). ’ In a similar vein, Sargent and Wallace 
(1981) have argued that "if the interest rate cm bonds is greater than 
the economy's growth rate, the real stock of bonds will grow faster 
than the si/.e of the economy. This cannot go on forever, since the 
demand for bonds places an uppei limit on the stock of bonds relative 
to the si/.e of the economy" (1981, p. 2). 1 ’ 

These arguments do not, however, seem entirely convincing. First, 
if the bond-issuance polic y is permanently maintained, then taxes w ill 
never have to be collected to retire the debt set the difficulty concern¬ 
ing taxing capacity may not be decisive. And under the Ricardian 
view, government bonds are not regarded as net wealth to the private 
sector, so the si/.e of the bond stock seems to be potentially irrelevant.' 
In any event, it would appear that a more loiinal analysis might be 
worthwhile. As it happens, that conjecture is verified in the following 
section: while the basic idea of the Barro and Sargent-Wallace conten- 


’ I axing < apac ily in each pei loci is assumed by Barro lo be some exogenously gisen 
traction of cuirenl out pul, 

11 I bis assumption, il should lie noted, [days an important tolc in the Sargent-Wallace 
analysis. 

7 Irrelevance ot continued bond growth is assumed, without any iitility-m.ixuni/ing 
justification, in McCallum (1978). 
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lions receives support from the theory, the precise statements con¬ 
cerning bond demand limitations do not. 


III. Analysis 

Our first task is to specify a maximizing model that incorporates ihe 
crucial component of the Ricardian view, namely, infinite-lived agents 
who correctly take account of the government budget constraint. H 
The model must also be one that accommodates money, bonds, and a 
physical asset. To that end, let us adopt a discrete-time, perfect- 
foresight version of the well-known model of Sidrauski (1967), 
modified to include government bonds. J In order to keep matters as 
simple as possible, let us first consider a version with no depreciation 
or population growth. 1 " 

Formally, we imagine an economy composed of a large number of 
similar households, each of which seeks at period t to maximize 

u(r„ m,) + Pu(f,+ |, m l+ ,) + 0 2 u(c, + 2 , m, + .>) + . . . . (2) 


Here r, is consumption in period t and m, = M,/P„ with M, the house¬ 
hold’s nominal money stock at the start of / and P, the price ot the 
(single) consumption good in /. I he within-penod utility function 11 is 
assumed to be “well-behaved"—see Sidrauski (1967, p. Th-i)—-so 
unique, positive values are chosen lor <, and m,+ \, I = 1,2, . I lie- 
discount factor 0 equals 1/(1 + 8), with the time-preference paiatm 
ter 8 positive. 

hath household has access to a production function that , 
neons of degree one in its inputs, labor and capital, but mi. 
supplied inelastically, this function can be written as- 
the stock of capital held at the start of/. The function / is .- 
satisfy the conditions f > 0, f" < 0, / '(()) = do, , mf ) j '(r.) _ 
unique, positive value will be chosen for k, in eac h period ( apn 


K It Should lx- pointed out that I am using the- term “Ricardian ' to icier piim.mK to 
these <haunter,sties of ihe private economy. An entnelv (title,ent use of ,|,c u,m 
oco „ in Sargem (1982. p. 385). where i, lefeis a Upc ot gou-„nne,„ poll., u - 
' ,<L ' 1,dl do “ n '" ‘’"‘"'"Pass policy variable paths s,„h as ihosc m mu es.mr 

ol.-a.ne,I Fo, a ,a.he,'!!',«u",o,' 
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exclusive of interest payments on current debt. More specifically, we 
can show that the model at hand will not support a zero-inflation 
equilibrium in which a permanently maintained positive deficit of g, 
+ v, — d is financed entirely by bond sales. To do so, we first observe 
that this monetarist hypothesis implies that (1 + it,)mz /+ | — m, = 0 and 
that steady-state conditions prevail for all variables except b, so that r, 
and X, are constant, with r = 8 > 0 and X > 0. ,J 1’hen we insert the 
hypothesized constant values in (12), obtaining 

b,+ i = (1 + >)h, + (1 + r)d, l = 1, 2. (11) 

Next we note that the latter implies 
&/, t = (1 + »)% + (I + <)d\\ + (1 + r) + . . . + (1 + r)'~ *], 


which in turn implies 


*z + ,P' 


X, 


(• + ',) 


— X b [ -f- 


Xd|(l + r) - (1 + ,)■ '1 
r 


(15) 

( 16 ) 


but it can then readily be seen that the expression in (16) approaches 
+ [Xz/( 1 + /)/;■] as / —» which violates condition (10). Equiva¬ 

lently, but in different words, b, 11 glows at the rate r while p' 1 de¬ 
cays at the rate 8 = r, so their product grows at the rale zero—that is, 
does not vanish as / increases. 1 hits one ol the jointly sufficient condi¬ 
tions for household optimality is not satisfied b\ the proposed path. 
Now, since transversality conditions are not in all cases necessary lor 
optimality, 1 we must also show that the proposed path is in fact 
inconsistent with optimality. To do so, we note from (12) that (1 + 

' ) *b | — k, = (I is positive m each period, t - 1,2.Then 

inspection of (3) indicates that by setting/>,, , = 0 the household could 

increase its consumption in each period, / = 1,2.without 

changing its holdings of c apital or real money balances. T hus the 
pioposed monetarist path cannot bo an ecjuilibrium. 

Our next object is to show that a constant, positive deficit can, 
however, be financed entirely by bond sales with no resulting inflation 
if "deficit” is defined—as it typically is—to include current interest 
payments. lo make this argument, let us define the issue value of 
bonds outstanding at t by B, = ft,/(l + ft, _,). Then with Af,, , - Af, = 
0, the government budget identity becomes 

fi > M ~6, = + V,) + (17) 


" hls experiment (anil those that follow) it is assumed that steady-stair values tor 

<on li. Ple r‘ »T7 ,0d Slm< " Ih< ‘ rr,J " al a 'P‘<ls ol the analysis involve limilmv 
conditions, this simplification seems unobjeuionahle lor ihe issues at hand. * 

'' " t '. x ' lm P , ['m which the iransveisalny <oiidi(ion is not rieiessaiv for optimality 
was mentioned bv Arrow and Kur/ (1970, p. lb). * 1 • 
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Now assume that polity keeps the real value of the right-hand side of 
(17) constant at <?, so that 

/f l4 ,-/f ( = J/V (18) 

Next we conjecture that, with d, g. and M held (onstant, the price 
level will also be constant so that (18) becomes 

l >,, i - b, = rf( 1 + r). ( 19 ) 

But in this case we have 

b l+ | = b\ + c?( 1 + I + . . . + I ' 1 )(1 4- r ) = b | 4- tin 1 4- r), 

( 20 ) 

so that 


*,♦10' 


i 

(1 + >,) 


Kb | + Xc?/(1 + >) 
(I + >)' 


(21) 


which does approach zero as I —» -c. 

To verity that a nonmllationary steads state also satisfies the other 
relevant conditions, we argue (constructiveiv) as follows. Fust, with 
constant m and n = 0, e, = (I + r) '/>,. \ - l>, g In (12), so Cl) 
reduces to (1 !i). Thus, given values lot d and g, steadv-stale values of 
k, m , c, and X are detei mined by (1), (;">), (0). and (IS) With h, :* 0 lot 
all I , then, equation (7a) holds as an equahtv and detei mines > • 0, 

Finally, conditions (8) and (9) aie satisfied with constant values fm m. 
X, and k since P' 1 —♦ 0 as t —* * 

I he policy rule in the last example is one that makes >< gi<>u 
rate that decreases over time, approaching /eio in the li■ ■ 
next consider an example in uhie h b, grows at a const.mi i 
that is numerically smaller than ft For simpliuiv. let us 
the rate is ft/2, From our previous discussions it iscle.u that 
condition (10) is not violated Fut then more, it can lie i c ,o. 
that conditions (d)-(9) are all satisfied In constant value s c. 

X, and tr - 0. The behavior of v, in this case satisfies 

g + V, = 0+0 ’(I + -§-)*, - b, 

(22) 

= (l + A)(l + ft) 1 - |]a, = -(-£)< l - ft) 

so d, = g + ii t i;, negative and decays at the rate ft/2. I he alternative 
(conventional) deficit measure d, - d, + ft/>, is positive, hovvever. and 
grows at the rate 8/2. Thus we see that the conventionally defined 
deficit can—in the Ricardian/monetarist Sidrauski model—glow 
forever without causing inflation. Furthermore, we see that the real 
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stock of bonds can grow forever at a rate exceeding zero which is, in 
this instance, the growth rate of the economy. 

From these three examples, then, w'e obtain the following conclu¬ 
sions regarding bond finance of deficits in the basic, zero-giowth 
version of our Ricardian/monetarist economy: (i) a permanent deficit 
cannot be financed solely with bonds if the deficit is defined exclusive 
of interest payments; (ii) a permanent deficit can be financed solely 
with bonds, and without inflation, if the deficit is defined inclusive of 
interest payments; and (lii) a positive growth rate of bonds outstand¬ 
ing tan be maintained permanently, but only if the growth rate is 
smaller than the tale of time preference. 


IV. Extensions and Qualifications 

The purjtose of this section is to describe both extensions and 
qualifications to the three basic conclusions above. We begin by devel¬ 
oping extensions involving population growth and depreciation and 
then turn to some considerations not reflected in the formal model— 
default incentives, for example—that have the effect of limiting the 
applicability of the basic conclusions. 

First, let us suppose that—as in Sidrauski (1967)—the si/e of each 
household grows at the rate n and that the utility function remains as 
in (2) with r, and hi, now measuring per capita values. 1 hen, with all 
other quantities also expressed in |)er capita terms, the household 
budget constraint becomes 

f(k,) +■ V, - 1, + (1 + /<)(1 + TT,)"'c*l - in, 

(T) 

+ (1 + n)( 1 + i,) A,, | (1 + n)k,, , - k,. 


One relevant effect is that the counterpart of (7) now implies that 
(1 + n)( 1 + r,) 1 - (1 f 8) 1 if b, > 0 and X, = X,, Another is that 
condition (10) is replaced with 


lint b, + ,p' 


i X,( I +• n) 
(1 + r f ) ' 


0 


( 10 ') 


In addition, the government budget identity becomes, in per capita 
terms, 

(1 + n)(l + . | m, + (1 + n)( t + i r ) 'b,, i b, - fr, + v,. 

( 12 ') 

Consequently, if the per capita magnitudes g,. v,. and A/, are held 
constant over time—so that the aggregate deficit and money stock 
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each grow at the rate n in every period—the following equation will 
govern the behavior of b t under the monetarist hypothesis: 11 

b t+ i = (1 + r)(l + n) l b, + (d - nm)( I + r)(l + n)' 1 . (14') 

Thus the per capita bond stock grows at the rate (1 + r)( 1 + n) 1 - 
1. But since 1 + r equals (1 + n)(l + 5) in the hypothesized steady 
stale, b, +. i then grows at the rate 6, which equals the rate at which P' ~ 1 
contracts. So the product b l+ , (3' 1 grows at the rate zero. This violates 
(10') as in our first example with n = (). ,s But it jmt violates (10'), so it 
is clear that the second and third examples, in which the per capita 
bond stock grows at a diminishing rate that approaches zero and at a 
constant rate less than 8, respectively, will not violate (10'). Thus the 
conclusions above hold in per capita terms when the economy experi¬ 
ences population growth of the specified type. 

Furthermore, allowing proportional depreciation of capital would 
leave the crucial relationship between 8 and the growth rate of Ixmtls 
unchanged. The marginal product of capital would exceed r, by the 
amount of the depreciation rate, but the steady-state condition 1 + r 
= (1 + S)( 1 + n) would continue to hold and n is the relationship 
between r and 8 that governs the relative growih rales of b,. | and 
p'-\ Hi 

Now we turn to the qualifications. Given the rather surpiising na¬ 
ture of conclusions ii and iii, it is important to recognize that some 
potentially significant aspec ts of actual economies are not leflecucl m 
the formal model. One of these involves the notion of "taxiin' < 
ity,” mentioned above. The suggestion put forth In B 
namely, that government debt cannot pertnanentlv go 
excess of output growth, is based on the presumption t! 
lions cannot forever grow faster than output. 1 he It 
analysis that enables the third example to contradict tlr 
reasonable presumption is the recognition that hoiiseh 
able income includes interest pavments (torn the governu 
as income from production. Thus taxes can exceed output l <■ i 
household and yet be smaller in magnitude than the household s 
disposable income. A reformulated version of B.u i o's suggestion, one 
stating that government debt cannot forever grow at a late in excess 
of disposable income, would not be contradicted In am of out exam¬ 
ples. 

I ndcr lhai hypothesis, the inthiuoit rate will Ik- zero 

Ay;.iiii we avoid leliame on this UansversaliU sniidiuou, lot wlmli iumvmIi has 
not Ix’eii established Instead we tan show dial the pioposed path is nonoptiinal Iw 
infernii|{ fiom (,V) and (14’) that a zeio \alnc lot b ,, , in ea< Ii / - I. ‘2. would jk i nut 
'"‘reases in r , wiih the same paths lor m,, ( and k,, , 

Iiuompleie invesiigaiions with lecluiK.il progiess lead to die ion|emue ih.it die 
lesulis reinaiti valid in rases in whiih steady -slate growth is |xissil»le 



A Positive Model of Private 
Charity and Public Transfers 


Russell D. Roberts 

{'w/i’frwfv of ttathe\(et 


This paper explores a model where private charily and public trans¬ 
fers are detei mined simultaneously. In politiia! equilibrium, the 
government "ovet pros ides" public transfers, transferring more to 
the floor than alii uistic taxpayers prefer At this equilibrium, private 
charity is /eto. F.vidence for this result is found bv examining various 
types of data from the 1920s to the present. While private < haritv 
currently exceeds $50 billion, very little of it goes to the poot, I 
provide evidence that this phenomenon of /.ero piivate dial itv be¬ 
gan, as the model predicts, m the 1950s, the beginning of federal 
Intel volition in the cluntv matket. 


I. Introduction 

The growth in the sue of government transfers is well known. At the 
same time, private c harity reac hed an all-lime high of $ 55.(1 billion in 
1981 (New York 'limn, April 9, 1982). While many authors have sug¬ 
gested that there is a negative relationship between public transfers 
and private charity, evidence for this crowding out has been sparse. 

Ibis paper derives a rigorous statement of the crowding-out rela¬ 
tionship. Private charity is motivated by altruism. 1'he political pro¬ 
cess then adjusts the distribution of income in order to maximize* the 
political support received from both rich and poor, lhis simple 
model yields a number of strong predictions: 


I am grateful in lilt- lollowing people tor help!ul lonnmnls and discussions- ('.ary 
Becker, Stanley Kngeiman. Matihew Goldbeig, Bi me Jacobs, Walter Oi, Sliciwm Ro¬ 
sen, Alan Stockman, and Muhael Wolkoff. The usual disci,uinei applies 


of PotUual f •anunn |MK X. %t»| •¥>_ no {| 

|*>M bv I he l of f ngn All lights jrviwtl tHDh -fMMPfJff} 
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1. Private charily to the poor is reduced dollar for dollar by public 
transfers. 

2. In political equilibrium, there is overprovision: there is more 
redistribution than is preferred by altruists. 

3. In political equilibrium, public transfers reduce private charily 
to zero. 

As evidence I show that the growth in public transfers to the poor 
during the Great Depression reduced private charity and caused a 
fundamental transformation of private agencies away from the relief 
of poverty toward other activities. This remains true today, with only 
a fraction of that $53.6 billion going to the poor. 

Section II of this paper models private charity and its response to 
government policy. The inefficiency of private charity with many al¬ 
truists is the impetus for government intervention. Kthriency can be 
achieved either by a system of tax credits or by direct taxation to 
finance public transfers. I focus on public transfers and their effect on 
private charity. Section 111 is an equilibrium model of the political 
process incorporating altruism. Section IV presents evidence oil pri¬ 
vate and public transfers that is consistent with the ibeorv. A final 
section concludes the paper. 

II. A Model of Private Charity 

Define alttuism as the case vvliete the level of consumption of one 
individual enters the utility function of the other. For example !< ' ' 
be altruistic and let G's consumption enter A's utilitv tm 
same for simplicity that C is not altruistic, so utilitv of A ■ 
written as 


U\ — \, v ( ) 

t\. = r«.(v,). 

where x is the only consumption good. A’s endowment is c \ ... 
assumed for simplicity to have an endowment of zeto. It the act 
transfer is costless, then A will sen the m.uginal rate of substitution 
(MRS) between own consumption and that of C equal to one. the 
dope of the budget line. This is shown in figure 1 at 

Now consider a world of two altruists, A and IV where each almiist 
takes the transfer of the other as given, the Gournot-Nash solution. 1 
1 he equilibrium transfers 7’t and V,* are such that, given 1*\. I t 
maximizes A's utility and 7 ’h maximizes B’s utility given that A's trans¬ 
fer is 7 A . At this noncooperative equilibrium. E\, die MRS of each 


See (.oldbeig (1979) tor an .maKsis ot the Slarkrlbrig i.i\c 
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ledistnhution is determined politically with the level of public trans¬ 
fers determined by the maximisation of a function that has the utility 
levels of political constituents as arguments: 

P = /W A . I’h, U <). (5) 

Thus the political power of individuals is crucial, hut efficient y con¬ 
siderations aie important because individuals' utility, which enters the 
function, depends on the consumption of othets. 

The first partials of (5) are assumed to be positive. This type of 
function is found m Becker (197B). and a related idea is in Pell/man 
(1976). The level of the function is an index of political support: 
competition among political agents ensures that it gets maximized. 
Maximizing (5) requires that the distribution of income be efficient. M 
Which efficient point of the infinite number available maximizes (:”>)? 

Figure 3 shows the utility possibility frontier and a set of iso¬ 
support curves—the set of utility realizations that keeps political sup¬ 
port constant. Political equilibrium is found at the tangenev between 
the utility frontier and an iso-support curve. With A and B assumed 
to be identical, one picture is sufficient. Altruism gives the froniici a 
hill shajie. At low levels of T< increases in v, make A, B, and (1 
happier. 

The noncooperative point, E 1 . is found on the upvvaid-sloping por¬ 
tion of the frontier. Increases 111 v, past /:, continue* to increase V\, 
L'n, and U ( . until E*. the altruists’ prefeired |siint, is reached. I he* 
efficient points include E* and those to the tight. Increases in v, 
beyond E* benefit at the expense of A and B 

If C has no political power, then the iso-support c 111 ves are horizon- 


" 7 his is not the same as saving that government passes onlv eftic lent laws In a hoi l<l 
of more complex frolic v opnons and <osilv ic-clisuihnlion. maximizing (•">) could mean 
passing laws chac had drad-wrighl loss assoc laced wnh them 
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tal and E 1 ’ and E* are identical. But it’d has any political power, that 
is, if (5) has positive first partials, then the iso-support curves are 
downward sloping and E r must lie to the right of E*. At E*, the 
increase in political support from C when C receives an extra dollar 
outweighs the loss in support from A and B. The intuition is that at 
E* small increases in x< ; leave t/ A and unchanged since they are at a 
maximum but C is better off. Kventually this gain is offset by the 
losses to altruists and E r is reached. 1'his marginal political power of 
the poor at E* results in /•' 1 being to the right of E*.'* 

IV. Implications for the Interaction between 
Public Transfers and Private Charity 

This result has two strong implications. First, in equilibrium, at E r . 
private transfers are zero. Private transfers are zero to the right of E\. 
Since E r must lie to the right of /•.*, which is to the right of E |. private 
transfers are zero at E r . In the United States, spending on supple¬ 
mental security income, food stamps. AFI)C, and other government 
progiarns dwarfs private charity. Private tharity in the United States 
is approximately zero. Measured charity by individuals was Si 1 bil¬ 
lion in 1981. But most of these contributions are c bat it v as deb net! by 
the Internal Revenue Service, not charily in the sense of helping the 
pool. They are mostly contiilnitions to religion, education, health, 
and the arts. 

Fable 1 summarizes the findings of the 1982 studv. (iivint;. U S , 
conducted by the American Association of Fund-raising Counsel. Pi i- 
vate charity to the poor is in the social services categorv. 1)1 the $V8 ti 
billion donated to charity in 198! hv individuals, coi poi aiions. ,u ■! 
foundations, only So 82 billion was categorized as social sei\ ■ 
only a fraction of that amount went to the poor. 1 he soc 
category includes agencies such as the Salvation Armv ar 
organizations such as the United Jewish Appeal. Catho|i< 
and the Federation of Protestant Welfare Agencies. I lie 10 
gory inc ludes only sacramental spending that does not go i<> 

But the social services categoiv also includes the Bo\ 

Scouts and donations to the YMCA and YWCA. Almost m,. 
the spending (or social services in 1981 went to the l’in.< 

United Way spending varies by community but tv pic alls n,. . 

spending on health and other items that onlv partially help du pi .. . 
such as day-care centers So (he social services figure, which was .it 

lieu. 1 1 have used the romept <it ,1 su|>|xul tuiKliou to drove tins u-sult \l.ur 
generally, n will hold foi olliei imxli’ls ol the |x)litiul piixrw whete piclcumes 
ot dilleient inteieM groups are given a nonzero weigh! in demimning niiiuuiio 
I tie support function is just one wav ot vapt 01 mg this pwvjH’itv. 
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1 1 09 

1 00 

1 32 

3.17 

.38 

29 

80 

1901 

13 23 

l 77 

t 17 

3 39 

.39 

30 

90 

1902 

17 77 

3.0t 

t 72 

1 08 

03 

31 

.90 

1903 

10 .70 

3 73 

7 07 

4.39 

07 

33 

1.01 

1901 

1 7 .33 

0.01 

1.90 

1 2.3 

00 

to 

1 73 

1907 

18 70 

0 31 

3 30 

3 21 

.07 

.30 

2.30 

1900 

19 78 

0 .38 

3 33 

.7 80 

1 03 

03 

1 90 

1907 

20 10 

li 08 

3 13 

7 08 

1 03 

(i3 

1 (Hi 

1908 

21 30 

7.03 

3.31 

7 88 

1 00 

00 

1.00 

1909 

2 1 90 

7.87 

0 30 

8 02 

1 30 

97 

2 09 

1970 

21 78 

7 79 

f> 7 ( 

7 90 

1 30 

97 

2.09 

1971 

22 33 

8 00 

li 30 

8.20 

2.00 

1 31 

2.73 

1972 

21 78 

7 90 

0 30 

8 20 

2 02 

1 31 

2 78 

l‘»73 

21 31 

8 38 

0 20 

8.19 

2 70 

1 23 

3 9) 

1971 

22 03 

7.0 t 

3.70 

7 92 

2 30 

I 32 

3 97 

1073 

21 81 

0 07 

3 30 

7 17 

2.90 

1 70 

1 18 

1970 

22 72 

7 17 

3 0 7 

7 77 

3 09 

1 71 

3 90 

1977 

27 12 

7 13 

7 28 

7 30 

3 11 

1 70 

3 72 

1978 

27 73 

7 70 

3 33 

7.01 

3 19 

1 03 

3 7 1 

1979 

27 21 

7 71 

7 3 7 

7 10 

3 38 

1 30 

3 08 

1080 

24.13 

7.37 

7 22 

7 10 

3 27 

1 70 

3 72 

1981 

21.87 

7 19 

7 32 

7 30 

3 37 

1 31 

3 71 
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virtually the same level in real terms in 1981 as it was in 1955, is an 
upper bound for measured uansf’crs to the poor. This figure in 1981 
was less than 10 percent of total piivate giving and an even smaller 
fraction of government spending on the poor, die exact fraction de¬ 
pending on how government programs are classified. Piivate trans¬ 
fers to the poor are simply not very large. 

But the model says more than that private charity is zero. It predicts 
that private charily first became negligible when government fitst 
intervened in a significant way in the charity market. Significant gov¬ 
ernment intervention began in the 1930s and has continued to grow 
over time. 10 

From the data to follow, a stylized picture of the 1930s emerges: 


1 here were- public minsters lietme the 1930s, but the dinounls were ill the stale 
and local levels, nni ihe federal one 
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I ABI E 2 

Exhenhiiuri-s hik Rh nr hcom Pom k. and Privao Kinds in 12(1 I'riian Arias, 
1929-35 (in I hntisands of 1929 $) 


Year 

Public Funds I’inale Hinds 

1929 

33,449 

10,296 

1930 

515,158 

10,944 

1931 

138,874 

55,663 

1932 

315.061 

7 Mil 9 

1933 

557.658* 

36.939 

1931 

835,425* 

18,801 

1935 

1 .035,2064 

14.536 

Sni'Rt t - (rtvltlcv l‘137 

* I xt hides rx|Mri(lilutis 

* \ xclmles fKjieudituies 

unde i (lit ( nil Woiks \diniliis 11 ,iii<m 
uiulte tlu* Woiks I’togt tin 


private donations fell dramatically as public transfers rose. 

But they 

did not fall to zero. Instead, charitable donations underwent 

a tunda- 


mental transformation during the period. 1 hey became less con¬ 
cerned witli poverty and more concerned with health and sot ial coun¬ 
seling.' 1 

Table 2 shows public and private transfers over tune fioin 120 
urban areas. From 1030 to 1032 both public and ptivate transfeis 
increased approximately sixfold. But while public transfers grew 
about 3'/< times between 1032 and 1035, private tiansfers fell b\ a 
factor of 5 and approached the level of 1020. L'nfot tunateh, the 
source for table 2 ((leddes 1037) stops in 1035. But other evidetue 
suggests not only that the trend continued but that t he uses nt 
charity changed dramaticallv over this period. I he New ' 
ation for Improving tlie Condition of the Poor (AlCl’i 
in 1843. For 96 years it transferred resouices to the pm 
ployed, the sick, the elderly, and the luishandless moil - 
1843 and 1039 it was one of the two most impoitant pi ■. 
in the city, the other being the Charily Organization S<« 
lirella for a number of smaller charities. Between tlu . _ 

1930s, the AlCP’s role and resources changed th.unaiuallv. as i..„ ■ 
(rated in table .3. 

With the coming of the Depression, donations, total expetidittn es. 
and expenditures on material relief inc leased up until 1032 IJ 1 Ins is 
the same pattern found in the national data. Fiom 1032 to 1035. the 
experience of the AICP continues lo parallel the national data—(here 

. (has dieie is a serious pioblem voili using aggiegale donations lo i hauls tium 

* oiiw.it d. A dollar conn ibuled to i liantv tn 1929 tmuglii a \ei \ <lilleu m bundle . >1 
services than it did in 1939. e g 

Malenal lelict is direu uansieis ol inonev and revalues, total cNjx'iidituies 
nit u e camps and homes run by the assot i.Hion foi ihc pool, i luldi i n. and die cldei h 
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TABLE9 

Mah-kiai Rmikf. K'm'Fndiii ris, ani> Donai ions. New York Assoc.iaiion k>r 
Imprdvisc. ihc Comhiion Of ml Poor, 1928-98 (111 1029$) 


Vear 

Material Relief 

Local Expenditures 

Donation'* 

1928 

■>70,917 

1,920.885 

900.080 

1929 

988,107 

1,897,017 

827.280 

1980 

910,910 

1,848.107 

889,012 

1991 

1.977.901 

2.518.749 

1.092,829 

1932 

1.075,220 

9,100,090 

1,999,990 

1999 

1.115,599 

2,7 18.54 t 

1,712.999 

199-t 

1.177.580 

2.009,945 

1,589,210 

1995 

1.090,980 

1.991,909 

1,906,705 

1936 

090,150 

1.‘11.9.188 

789.072 

1997 

5 1 1.1 59 

1.848.1 1 0 

85.5,900 

1998 

5.50,1 18 

i ,8‘>T.2r>-) 

002,079 

Sell M« 1 - \|JJ» 

im) Ki fM»i is mI iIk* \ssmi 

38 


* fv hides leg,, 

d«v It is clillic nit u» tr.uk i« gut it s tin 

it mg the }h i ukI 



is a decrease in donations and expenditures. But the most dramatic 
changes are Ironi 193b to 1938 when national data are missing. Dona¬ 
tions fall to one-third of their 1932 le\el and two-thirds of their level 
in 1928. These results are consistent with the model. 

An alternative explanation of these data is that as donors’ incomes 
fell duting the Depression, charity decreased and government had to 
take up the slack. Evidence against this explanation is found in the 
depression of 1890—91. In 1890—94 public transfers in the city of 
New York grew only 15 percent. At the same time, expenditure by 
the AICP grew by a factor of 1 over the 4-vear period (Newcomer 
1941, p. 054). So, despite a decrease in income, private charity rose 
substantially when increases in public transfers weie relatively small. 
Even between 1929 and 1932 (see table 2), private expenditures grew 
sevenfold nationally. Donations to the AICP continued to grow until 
1932 (table 3). Only when public spending continued to grow did 
private spending go to virtually zero. 

Of equal importance with the large chop in donations f rom 1932 to 
1938 is the dramatic change in the activities of the AICP away from 
antipoverty work. While* donations did not go completely to zero, 
evidence suggests that transfers to the poor did. In 1939 the associa¬ 
tion merged witli the Charily Organization Society forming the Com¬ 
munity Service Society. I his tneiger made the trend away from 
fighting poverty official. I fie theme is a common one in the annual 
reports of the AICP in the 1930s: "The AICP has made major revi¬ 
sions of budgets downward. Many families formerly c ared for by the 
AICP have been turned over completely to public relief departments. 
Nearly one-third of the present number of families under care arc 
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cooperative cases with public authorities, in which the cooperation 
consists in the AICP supplying social services not yet available in 
public departments” (Annual Report of the New York Assoc iation for 
Improving the Condition of the Poor, 1935-315, p. 10). 

In 1939, Survey Midmonthly, a social work journal, reported the 
merger and explicitly recognized crowding out of private charity. 
“Both reports [by the two merging agencies] emphasize the freedom 
that has come to the private agencies with the public assumption of 
responsibility for relief. The AICP saw in this new lound freedom a 
chance for the expansion of its health work, thus digging at the roots 
of one of the main causes of poverty and distress. The COS saw an 
opportunity for more intensive work in rehabilitation and family 
counsel” (Survey Midmonthly, May 1939, p. 152). 

This shift from material relief to scxial counseling became more 
pronounced over time. Additional evidence suggests that this trend 
was a national one and that eventually private agencies came to ignore 
the poor, with counseling resources going to higher-income families. 
Dickinson (1970, p. 69) argues that religious organizations no longer 
dealt with the poorest families, letting these cases be handled by 
public agencies. (Howard and Kpstein (1965) have documented this 
phenomenon across a wider set of organizations. They vvrite, "Once 
publicly supported income maintenance programs came into exis¬ 
tence, following the depression, private agenc ies began to refer eco¬ 
nomically deprived clients [to public agencies], thus conserving their 
resources for other services” ((Howard and Kpstein 1965, pp 62.3- 
24). 

Initially, in the mid-thirties, public and private reliel av 
intended to supplement each other. However, 'tho 
labor—that is, private agency supplementation of public 
. . . short-lived. As the pall of the depression lilted . . . ,i , 
tion of private casework began to emerge—one heavilv i! 
psychological conceptions of family problems. It tended n 
importance of environmental approaches (housing, m, 
medical, and other concrete environmental services) . . . I he p, 
agency began to limit its responsibility tor poor people to conducting 
studies and to giving expert testimony alxnit the current needs of 
welfare recipients” (Clowaid and Kpstein 1965. pp 624-25) 

I his evidence suggests an explanation for some of the puzzling 
findings in the research on the trade-off between public transfers and 
private charity. Using data from 1948-72. Abrams and Schmitz 
(1978) found that a dollar increase in government w cl hue expendi¬ 
tures reduced private charity by 28 cents. Schwartz (1966) icpo.is 
that his estimates over 1929-60 resulted in a small but pout,re icla- 
tionsfup between public and private charity. In both of these studies 
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itemized charitable deductions from income tax returns are used as 
the dependent variable. Since much of these data consist of religious 
contributions, it is not surprising that a dollar-for-dollar trade-off or 
even a negative one is not found. 13 

The evidence presented raises questions that the model is too gen¬ 
eral to answer. Public transfers in the 1920s, though small by today’s 
standards, were not zero, nor were private transfers. We would like to 
know how the composition of private agent ies was altered before the 
1930s as public funds at the state and local level began to be used for 
different types of relief—aid to husbandless mothers, the blind, the 
aged, and the unemployed. I suspect that private agencies w'ere 
crowded out of each of these in turn as they were eventually crowded 
out of all of them. Obtaining data to test this idea would be extremely 
difficult, however. 

The model of altruism presented here, while simple, is not a very 
rich picture of compassion. Altruism goes far beyond a desire to raise 
the consumption level of the least fortunate. As government takes 
over this task our compassion turns to imperfect substitutes: counsel¬ 
ing services, alleviating the diseases that afflict children, and helping 
the less fortunate of other nations. 

Another empirical application of the model is to the recent cuts in 
social weltaie spending proposed by the Reagan administration. The 
model predicts that private chat ity will not itu tease when government 
cuts welfare spending. Changes in public transfers are movements 
from one equilibrium point like E‘‘ to another. Private transfers are 
zeto at either point. 1 his docs not imply a lack of compassion on the 
part of Americans. The only time a Hade-off between private charily 
and public transfers is observed is when government moves from E, 
to k 1 , as occurred at the federal level in the 1930s or today if for some 
teason public transfers were reduced to zero. The model also predicts 
that the large cuts oiiginally proposed by Reagan for 1984 and be¬ 
yond will not be enacted since it is unlikely that there have been large 
changes in the tastes of altruists or political power, the determinants 
ot public transfers in figure 3. 1 be actual cuts have been relatively 
small. 

Another implication of political equilibrium is overprovision. The 
attempt of the altruists to avoid h i and ac hieve E* by putting redis¬ 
tribution into the political atena is partially frustrated by the marginal 
political power of the poor at E*. 'Phis is a cost associated with living in 
a society with representative government. This is a price worth paying 

Sc hwai Cz says, A predominate! pari ot piivalr donations, however, go io ielisions 
causes, while no government funds of ihe welfaie caccgot y are so channeled. . . Thus, 
similarity of titles gives a spurious feeling of similarity of purpose, the two set ies are, to 
a marked extent, not compaidble" (196b, p. 34) 
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unless C’s political power is unreasonably large, since altruists are 
better off than they were at E\. However, individual altruists could 
easily be worse oil if they were less altiuisiic than others or it their 
political power were less than that of other altruists and it was 
sufficiently inexpensive to use policies that discriminated against 
them. 

On the other hand, altruists have incentives to disguise their prefer¬ 
ences. An individual who is indifferent toward the poor would pre¬ 
tend to dislike welfare recipients to reduce his tax burden. I hough I 
assume full information on the part of the political process with re¬ 
spect to preferences, this phenomenon may be important. It suggests 
that professed views and survey responses on the level of government 
transfers understate the altruism felt by taxpavers. 

V. Conclusion 

This paper integrates two explanations for the level of public trans¬ 
fers—the public good argument and the political powet of recipients. 
One result that emerges is that the political process "overprovtdes" 
public transfers in the sense that more resources are transferred to 
the poor than altruists desire. This implies that private < harm is zero 

Current data and evidence from the Depression vteld suppott tor 
the crowding-out result. 11 I he huge growth in public tiansfeis in the 
1930s crowded on t piivate antipovertv cl lolls and iundatnentalU 
changed the nature of private charitv. Current data also suppott this 
conclusion. 1 ‘ 

As usual, this paper uses a number of simplilvmg usmiihI'' 
Public charity is a perfect substitute for piivate chants mi 
and rec ipients only care about the consumption level ol > 
altruists receive utility from the act of transferring as w< 
vale charity would still be positive in equilibrium I he 1 
concentrates on homogeneous altruists. A more iiiichm' 
tion of a world of heiei ogeneous altruists mav lead to tun 1 
tions and help explain why some goods are public Iv ptovuu < 
others are not. 


implv 


Since piivate charitv is also /eio at h*. /cm piivate chants docs not 
provision 

1 he evidence tor the model came tiom the I'nited States Fngland has a mtuh 
(UW lra< ? ,,IOn provision lor the pool ()t Finland's cvpciKiuc. Pomiiu 

i p P ^ as w,l,lc i , » 11 ,s apparent that m the cenlurv alter lbhO pavmenis under 
the oor Law became almost everywhere thenidman souue til ielid tm indigence. 
v.Ua piivate chant) a supplemental v souucol vaiving im|M>itancc. called «>n toi i»irai 
,e oris on y m times of extraoidmarv distress” I thank Stan Kneciman foi hnneinv; 
this source to my attention. 
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Misconceptions about the Real-Bills Doctrine: 
A Comment on Sargent and Wallace 

David Laidler 
University of Western Ontario 


I 

In their (1982) paper “The Real-Bill* Doctrine versus the Quantity 
Theory: A Reconsideration,'' Sargent and Wallace develop certain 
properties of Samuelson’s (1958) oveiiapping-genetations-con- 
sumption-loan model under alternative monetarv polit v regimes. 
They argue that their analysis casts new light on the well-known de¬ 
bate to which they refer in their title, claiming that their tesults tall 
for "something of a rehabilitation of the real-bills dot 11 me" (p. 1211) 

1 heir analysis per se has all the chaiacteristics we base come to expect 
from these authors: it is elegant and rigorous, vielding minli, 
provocatively strong to the [joint ot t>eing paradoxical IT 
gent anti Wallace’s attempted rehabilitation of the real- 1 
sutlers from the following deficiencies: (1) the coiicIum<" 
basis they seek to rehabilitate the real-bills doctrine* won 1 ' 
anathema to its proponents; (2) what tliev refei to a* i 
doctrine is not the real-bills doctrine; and (5) their inn i, 

Adam Smith’s analysis of the social producthiiv ol b.mki 
misconceived. I shall take up these points in turn. 


II 


Sargent and Wallace show that what they tall a “free-banking or real- 
bills regime (p. 1214) will lead to a fluctuating and perhaps indetcr- 


I am grateful to Robert Burro, Peter Mount, Muhat l Pultun, t .eoigr Snglri. I au- 
tetue H. White, amt two am>n\mtms leleiees lor helptul romuieiits on eailtet vetstons 
of this essay. 


\}"urH4il oj t’rtliitfal hotinmy. I«>H4. oil <12. || 
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initiate price level or perhaps to no monetary equilibrium at all, but 
that such a regime will also lead to a Pareto-optimal allocation of 
resources. The latter result, to them, justifies their defense of the 
regime, because their model provides no grounds for attaching any 
welfare significance to price-level instability or indeterminacy per se 
(see pp. 1233-34). More recently, Wallace (1982) has cited Sargent 
and Wallace (1982) in support of his contention that “so far as we 
know, the claim that a stable price level is good is as naive as the claim 
that a stable relative price between, say eggs and steel is good. In fact, 
it has been argued that the two are on the same footing" (p. 229). 
Such a conclusion is indeed implicit in Sargent and Wallace’s model, 
and they tell tfieir readers, correctly, that the main criticism leveled at 
the real-bills doctrine by its opponents has been that, when imple¬ 
mented, the doctrine leads to price-level instability. They fail to note, 
however, that eighteenth- and nineteenth-century advocates of the 
doctrine tegarded the maintenance of price-level stability as a vital 
principle of social organi/ation and would not have entertained a 
defense of their doctrine that showed that it failed to ensure such 
stability. 

Adam Smith, to whom Sargent and Wallace pay particular atten¬ 
tion, was one of the originators of the real-hills doctrine, and his views 
are typical in this respec t. 1 Smith, being an eighteenth-century econo¬ 
mist, did not talk in terms of such standard devices of twentieth- 
century monetary theoty as "money in the utility function,” “money 
in the production function,” or “transactions technologies,” which 
Sargent and Wallace dismiss as arbitrary and therefore irrelevant to 
their concerns (see pp. 1233-34). However, he certainly regarded the 
monetary system as being of the utmost importance for economic 
well-being, likening die stock of money to a piece of fixed capital (a 
water wheel and a waggon-way were among his analogies) that en¬ 
hanced the pioductivity of labor by extending the market, thereby 
promoting the division of labor. I hough he did not comment explic¬ 
itly on the desirability of a situation in which there was no monetary 
equilibrium, it is safe to say that, given his views about the productiv¬ 
ity of the monetary system, he would not have approved of an institu¬ 
tional framework that might lead to such a state of affairs. 

Smith did disc uss conditions of fluctuating, and in particular rising, 
prices with strong disapproval. Unlike Sargent and Wallace, he did 

1 I have dealt with Adam Smith's morietaiy economics in a leccnl paper (l.aidlei 
19H IJ. My treatment of his analysis in (his Comment is <*( necessity bricl, and the reader 
who is looking for a fuller account of it, well substantiated with ((notations Irani the 
Wealth (if Nattuiu, is ieleitc-d to (hat paper. The mam Itody of Smith's tnonelaiy eco¬ 
nomics is to l>e found in bk. 2, c hap. 2 of the Wealth if Natwm, hut ic-levant material is 
also to be lound in bk. 1, < hap, 5. 
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not in his analysis attribute perfect foresight to agents, and he took 
careful account of the fact that, in the world around him, there ex¬ 
isted long-term contracts denominated in money. Smith therefore 
understood the potential of price-level fluctuations for redistributing 
wealth in an arbitrary fashion, and he feared that potential: words 
such as “injustice," “fraudulent," and “cheat” enter his vocabulary 
when he discusses these matters (see, e.g., p. 350). Such sentiments 
are not confined to Smith. All subsequent important adherents of the 
real-bills doctrine held similar views. Thus, when Thomas Tooke, a 
leading figure in the banking school and a real-bills advocate, argued 
that the maintenance of the convertibility of currency into specie at a 
fixed price was “the sine qua non of any sound system of cut rent s" 
(1840, p. 177), he was expressing a view that had been a commonplace 
on both sides of the real-bills—quantity theory debate for four deiades 
and was to remain so well into the twentieth century. 2 

Sargent and Wallace assert that the real-bills doctrine “relies on 
market forces to prevent excessive 'credit creation' by private banks" 
(p. 1213). However, they do not point out that advocates and oppo¬ 
nents alike of the real-bills doctrine agreed about what constituted 
“excessive credit creation.” For them, when paper was convertible 
into specie, credit creation that led to a drain of specie from the 
reserves of the banking system, and hence endangered the mainte¬ 
nance of convertibility, was excessive. When paper was not comet t- 
ible, credit creation by the banking system that led to a rising puce 
level was excessive. I he real-bills dextrine is also known as the real- 
bills fallacy precisely because its advocates claimed that the op« • 
procedures they advised would be adequate for avoid' 
credit creation thus defined when in fact thev were not 
Wallace’s results, showing that their lats.se/-faire Ivankin 
lead to a fluctuating and perhaps indeterminate price lev 
no monetary equilibrium at all, far from providing th> 
rehabilitation of the real-bills doctiine, therefore in fa. i 
fallaciousness; or rather, they would do sir if Sargent and w, ; 
version of laissez-faire banking was the same thing as a teal-bills tc- 
gime; but it is not, as I shall now argue. 

1 couoc there were always, as there are nowadavs, inH.ttioiiaiv 11 inks who weie 
lintoneerneef about price stability III I<coke's cfav the Bnmmgh.im school sometimes 
look this position. The leader's attention isdiawn to the tail that, until the disease is oi 
die (.all f oi man and Australian gold fie-lels m die middle ol die nineteenth eentuis. 
economists discussing die delcimutants of die genetal pine level would open com li 
their discussion in lei ms ot the paper monev puce ot specie. Iieiause st.ihihw ol die 
pi lie ol goods in terms ol specie was usually taken lor gi anted. Dining die Rest lie non 
enod (| 797-1821), however, one element in mnnetarv elehatestoniei nee! die esieiii 
Co w ueh the higlt priee of gold bullion lelleeteel a lise in the general piiee level, and 
low ai it i effected an met ease m the pnceof gold telative lo gewnh in genet al hi ought 
about bv wartime conditions. 
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Sargent and Wallace tell their readers that the real-bills doctrine “pro¬ 
poses that there be unrestricted discounting of . . . evidences of in¬ 
debtedness, which . . . are . . . free of default risk .... I he key 
prescription of the doctrine is that no government regulations ought 
to restrict the scope of such intermediation ’ (pp. 1212—13). 

It is instructive to compare this assertion with Smith s statement of 
the doctrine, part of which Sargent and Wallace quote (p. 1213, n. 1), 
but which 1 here reproduce in full. 

When a bank discounts to a merchant a real bill of ex¬ 
change drawn by a real creditor upon a real debtor, and 
which, as soon as it becomes due, is really paid by that 
debtor; it only advances to him a part of the value which he 
would otherwise be obliged to keep by him unemployed and 
in ready money for answering occasional demands. I'he pay¬ 
ment of the bill, when it becomes due, replaces to the bank 
the value of what it had advanced, together with the interest. 
The coffers of the bank, so far as its dealings are confined to 
such customers, resemble a water pond, from which, though 
a stream is continually running out, yet another is continu¬ 
ally running in, fully equal to that which runs out; so that, 
without any further care or attention, the pond keeps always 
equally, or very nearly equally full. Little or no expense can 
ever be necessary for replenishing the coffers of such a bank. 
[Smith 1776/1966, p. 3251 

Note that Smith does not advocate ‘unrestricted discounting of. . . 
evidences of indebtedness, which . . . are . . . free of default risk." 
Rather, he proposes that by restricting its discounting to a narrow 
subset of such evidences of indebtedness, the bank will avoid a drain 
on its “coffeis" (reserves of specie), a drain that would threaten the 
convertibility of its liabilities. Note also that Smith suggests that bank 
lending be confined to a certain class of customers, namely, mer¬ 
chants, w ho should be thought of as borrowing to finance goods in the 
process of production and distribution. As an empirical matter, Smith 
did not believe that a banking system left unregulated would confine 
itself to so narrow a range of business. His insistence, which Sargent 
and Wallace note (p. 1213, n. I), that banks be forced by law to issue 
only liabilities convertible on demand itito specie was designed pre¬ 
cisely to help guarantee the price-level stability that an unregulated 
banking system, as he believed, could not be relied on to provide. 

Smith is not the only advocate of legal restrictions on banking 
among protagonists of the real-bills doctrine. Torrens, its principal 
exponent during the restriction period (1797-1821) in Britain, is 
recorded by Mints (1945) as having argued that, although under con- 
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vertibility, restrictions on bank lending per se would be unnecessary, 
under an inconvertible regime such as ruled at the time, legislation 
was required to ensure that “the operations of banking are confined 
within their proper limits.” The proper limits in question involved 
discounting only good short-term bills (see Mints [1945, p. 50], where 
Torrens’s views are explained and the phrase above from his writings 
is quoted). Similar views, particularly about the need for a legal re¬ 
quirement of convertibility, are to be found in the contributions of the 
banking school to the debate about Sir Robert Peel’s 1844 Bank Char¬ 
ter Act. 3 

In short, it was of the very essence of the real-bills doctrine that, far 
from bank lending being unrestricted, it should be confined to loans 
made on the security of short-term bills of exchange issued by repu¬ 
table merchants or manufacturers to finance the production and dis¬ 
tribution of real goods. The belief that bank lending thus confined 
would guarantee the preservation of price-level stability and/or specie 
convertibility was an integral, and fallacious, element of the docitine. 
Furthermore, proposals to put legal limits on banks' activities, eithet 
by requiring specie convertibility on demand of their notes or, in its 
absence, by restricting the class of bills eligible for discount, were an 
integral part of the polity proposals associated with the real-bills doc¬ 
trine. That doctrine did not, as Sargent and Wallace would have it. 
involve a defense of laissez-faire in the banking industry. In am 
event, a model in which banks are permitted to make unlimited con¬ 
sumption loans, the only kind that exist in the world analyzed In Sar¬ 
gent and Wallace, surely cannot be used to rehabilitate > d, 
whose central feature, as we have now seen, was that ham- 
restricted to short-term loans to financ e cut rent produt li>" 
lion, only one of the many kinds of loan available in tie 
lyzed by Smith and subsequent real-bills advocates. 

IV 

Sargent and Wallace analyze a laissez-faire banking svstem with no 
convertibility obligations and also one in which bank paper is comeit- 
lble at a fixed price into commodity money, noting correct 1\ that 
Smith's analysis of the productivity of banking is carried on in the 
context of the latter system. In discussing this mailer, they attribute to 
Smith views he did not hold. Specifically, they sav, “Smith argued 
that, through substitution of paper liabilities for gold in lenders' jxm- 

Detatled arguments to support the interpretation of Smith alxnc ate to lx- found in 
hatdlet (19H1). I have discussed the hanking sc hool-« hi rent v sc h<>ol debate in nu ess.n 
Ihotnas Tooke on Monetary Reform” reprinted as chap. I I of l-iidfei (,197.'i) De¬ 
tailed and documented support for some of the positions I take lit tins (.omiiieiu ate to 
be found there. * 
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folios, the spread of banking would provide more favorable terms for 
borrowers. . . . We regard Smith as arguing that interest rates on loans 
would be lower and less gold would be held if banks were left largely 
unregulated" (pp. 1228-29). These conclusions follow f rom Sargent 
and Wallace’s model but are only tenuously related to Smith’s views, 
even as expressed in the passages from the Wealth of Nations (hat 
Sargent and Wallace quote. These passages make no reference lo the 
rate of interest or to the terms available to borrowers. 

Smith's theory of profits, and hence of interest, was not well devel¬ 
oped in comparison with that of later English classical writers, but an 
acceptable summary of it would say that the supply and demand for 
real capital determined the rate of interest. Smith was emphatic that, 
despite superficial appearances to the contrary, interest was not a 
monetary phenomenon. “Almost all loans at interest are made in 
money, either of paper, or of gold and silver. But what the borrower 
really wants, and what the lender really supplies him with, is not the 
money, but the money’s worth, or the goods which it can purchase. . . . 
the money is, as it were, but the deed of assignment, which conveys 
from one hand to another those capitals which the owners do not care 
to employ themselves" (pp. 37b-77). 

For Smith, banking enhanced the economy's wealth, not because it 
lowered the late of interest bv allowing agents to hold default-free 
claims to future goods rather than the stoc ks of goods themselves, as it 
does in Sargent and Wallace’s model, but because, in replacing gold 
with paper in circulation, it left the monetary system as productive .is 
ever—though not quite as safe—while permitting gold to be exported 
in exc hange for wage goods. These in turn could be used to support a 
larger and mote productive labor force. 

The effects that Sargent and Wallace desc ribe certainly follow from 
their own model, but in that model, population is exogenous and 
there is no production. Such a model cannot, as Sat gent and Wallace 
claim, pennit “a formal representation of arguments that Adam 
Smith advanced” (p. 1227). 1 Itese hinged on the endogenous re¬ 
sponse of the size of the working population, and hence of output, to 
an increase in the stock of circulating capital, whose purchase on 
world markets was made possible by the replacement of gold by paper 
money in domestic circulation. In Smith’s model such effects come 
about with no permanent fall in the rate of interest, because that 
model is not closed, as is, for example, Ric ardo’s (182 1/1951) develop¬ 
ment of it, by diminishing returns in agriculture. 1 It is true that, in 
terms of the logic of his own model, Smith could have argued that an 

the mechanism whereby, a< (online lo Smith, tins ex|xiri ol gold look plac e was m 
some respects similar lo die leal balance elfett dial lies at die heart ot die modem 
monetary approach to balance of payments analysis. On ibis, see Laidler (JflHJ). pp. 
188-92, see also Bloomfield (1*17.1), p 180. 
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increase in the stock of wage goods brought about by an export of 
gold might temporarily raise wages and depress profits and hence in¬ 
terest, during the time it took the population's size to resjjond to this 
larger stock of circulating capital and in which therefore the supply of 
capital moved ahead ol the demand. As far as 1 know, however. Smith 
did not anywhere suggest that the replacement of specie money with 
bank money would have even such a temporary effect on the interest 
rate, let alone the permanent effect that it has in Sargent and Wal¬ 
lace’s model. 


V 

II economics is to make progress, it clearly needs new analytic results, 
and Sargent and Wallace have certainly provided these However, 
new results are only a necessary condition for progress, which also 
requires that, in the process of working out new ideas, we do not lose 
sight of or distort old ones. I hope that this note has done something 
to help ensure that, in the process of absorbing Sargent and Wallace's 
new and provocative analysis, readers of the Journal oj Politic.il Eton- 
omy do not lose sight of what was at stake in earlier inonetarv debates. 
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Inferior Forecasters, Cycles, and the 
Efficient-Markets Hypothesis: A Comment 

Hersh M. Shel'rin 

l 'nwrrwty of Snnta (Horn 


I 

In an interesting at tide, Figlewski (1978) discusses a model with in¬ 
triguing implic ations for the long-run behavior of real-world specula¬ 
tive markets. The present note extends his analysis to study four 
specific aspects of speculative market dynamics. 

1. Consider a trader whose market forecasts are generally inferior 
to those of the other traders. (One might think of somebody who 
finds himself trading against insiders.) With what likelihood will an 
inferior forec aster be able to ac hieve varying degrees of success in the 
market over time? 

2. With what likelihood will an inferior forecaster actuallv be able 
to persist in the market indefinitely? 

Does Figlewski’s analysis suggest that there is any sense in whic h 
the strong form of the efficient-mat kets hypothesis is appropriate for 
speculative mat kets? 

h lh> speculative markets have a tendency to move in cycles? 


II 

Consider a trader (A) who participates as a pure speculator in a se¬ 
quence of spot and futures markets for a single commodity. Clearly 
A’s success in choosing futures positions will depend on his ability as a 
forecaster. I he fiist two issues taken up in this note concern the case¬ 
in which A's forecasting ability is infeiior to that of the other traders 
in the market. This might happen because the other tiaders have 
access to information not available to A (but not vice versa), or it might 
happen because A is less efficient at generating forecasts from com¬ 
mon information. 1 his does not preclude A from making more accu- 
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rate forecasts than the others in isolated instances, though such occur¬ 
rences are to be regarded as rare. Nevertheless, it is of interest to have 
some idea about the likelihood with whiih an inferior forecaster will 
double or triple his wealth. To analy/.e A’s prospects in this kind of 
setting, I shall employ Figlewski’s (1978) two-trader framework. (For 
a treatment of the 7V-trader problem, see Figlewski [ 1982].) 

Consider two traders, A and B, who participate in spot and futures 
markets for a single commodity over a sequence of periods. It is 
assumed that a futures market is held at the beginning of each period 
and a spot market is held at the end. Let the date t futures price be 
denoted by P, and date t spot price by P*. Suppose that trader A 
begins period l with wealth VV;' and takes position in the futures 
market. If rtf' > 0, then A goes “long"; if n)' < 0, then A goes “short." 
We imagine that A’s remaining wealth, VV A - P,n\ is invested in a 
risk-free security paying /.ero interest. Let the deliserv date on a pe¬ 
riod t futures contract be the end of petiod I. 1 hen tiader A will use 
the spot market to earn a capital gain (or loss) of magnitude n,'(P? - 
P,) on his position 

In determining an appropriate position, A will have to take into 
account his wealth level IV,', the prevailing futures price P : , his beliefs 
about the spot pi ice which has yet to be determined, and his 
attitude to risk. Suppose that A s period t preferences are represented 
by a utility function that exhibits constant relative risk aversion (with 
tisk parameter R A ) and whose arguments are the (subjective) mean 
and variance of end-of-period wealth. Moreover, supjxise that A re¬ 
ceives private information at the outset of / on which he bases a 
forecast /*;' of the spot price Pf. Analogous icmarks applv to n adet B 
and the variables IV', 14 , n, , l{'\ and For convenient e. the sum ■ •( U 
and W, will always lie normalized to unity. Figlewski assumes 
forecast errors take the form 

r ,v _ ,>* = e .v + ft,. ptv .. />* = + ft.. 

where e, A - .V((), ct'a), t, 14 ~ ,V(0. cry,). 5, - ,Y(0. H’). and c,.' am 
mutually indepcndeni. I his assumption leflet ts (lie 1 tact that f 
A and B may have ac cess to some of the same infoi madon t bee .tnvr e 
is common to both) hut allows for a degiee of heterogeneitv as well 
Observe that lor a given position it,', .Vs subjective feuet ,i'i of lus end- 
ol-period wealth IV,', , is given In 

/■;/(,|u,') - u,' + «,'(/>,' - />,). ( 2) 

It follows from (2) that a ntility-maxmn/mg choice of n,' (and nj'i will 
depend on the futures price /’,. A futures market equilibrium will 
requite that and it, 14 sum to zero. Figlewski establishes that this 
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will lead the equilibrium price P, to be a convex combination of the 
forecasts T, A and /*)'. Specifically, 

/’, = A;V, a + (1 - x;V,'\ (3) 

where 

yv - ^ A N) 

' IV A + (/?"//?')(I - VV,')' 

Significantly, the futures price P, is an unbiased estimator of the spot 
price P* (by [3]). I return to this point again in Section IV. Notice that 
the weighting factor X A actually depends on VV A . One of Figlewski’s 
principal assertions is that there is a unique constant X,,// such that X A 
has the "tendency” to move toward X r/ /. Therefore he calls the value 
of fV A that renders A';' equal to X,. /( , the “long-run equilibrium" value 
W A . 1 hus as these markets are repeated over time, a tendency exists 
for IV,' to approach W A and IV, 11 to approach 1 - IV A . Below I discuss 
the relationship between X,.// and the efficient-markets hypothesis. 

Ill 

Consider how well one might expect an inferior forecaster to do in 
figlewski’s market over time. In particular, consider the likelihood 
with which an inferior forecaster will depart from the market because 
his wealth dwindles down to zero. To address these questions, sup¬ 
pose that trader B has access to all of trader A’s forecast information 
and more besides. 1 hen the value added of A’s forecast / jA to that of 
B will be zero in the sense that 

E(P*\P,\ P?) = E{P*\P]') = P\\ (5) 

In this case A’s forecast is Blackwell-inferior to that of B (see McGuire 
1972). 1 Significantly, this does not rule out the possibility that in a 
given period A will earn a capital gain and B will incur a capital loss. 
Moreover, it does not even rule out the possibility that B runs up 
against a string of bad luck, loses all his wealth, and leaves the market. 
However, what I now argue is that this last occurrence is extremely 
rare so long as A s initial wealth IV A is small relative to total market 


1 If A s forecast variance is higher than dial of It, hut A has access to information not 
available to B, then we would not t all A a Biat kwell-iiifcitor lotctaster In (his kind of 
situation one expects that the special minttnation m A’s possession will enable him 10 
persist 111 (he market figlewski actually asserts that "traders with inferior information 
do not gel driven out of the market by the txucr force asiei s’’ (p. 591) because Ins 
definition of inferiotity is based on forecast variance Moreover (5) also captuies the 
possibility that A and B stiare common information, but A is less efficient at generating 
forecasts. 
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wealth. Proposition 1 below strongly indicates that it is a virtual cer¬ 
tainty that a small inferior forecaster will eventually be driven out of 
the market. The proposition also indicates that the probability of an 
inferior forecaster ever multiplying his initial wealth by a factor of K 
through speculation is no greater than 1/A'. Therefore proposition 1 
applies to the first two issues described in Section I. 

Proposition 1: Let trader A be a Blackwell-inferior forecaster. 
Then (i) = 0; (ii) Pr{sup ( ,«, s ^ > K ■ W ( A } =£ I IK. I herefore for 

any fixed W, the probability that the inferior forecaster’s wealth ever 
reaches IV (or above) goes to zero as Wo —* 9; (iii) Pr{ W A > 0 = VV A 
for all <} —* 0 as W A —* 0. 

Part i of the proposition follows by putting tr\ > 0, u 2 H = 0, 0 2 > 0 in 
Figlewski’s model and using a limiting argument. Part ii is obtained by 
invoking theorem 12 in Kushner (1967). Part iii follows from i, ii. and 
the fact that the states in (0, 1) are all transient, while IV A = 0 is 
absorbing.* 

IV 

Consider the strong form of the efficient-mat kets hypothesis in which 
the market price accurately reflects all information available to nail¬ 
ers, including private information. Figlewski indicates that his matket 
is efficient when, “given the market pi ice, there should be no lutthet 
advantage to be derived from having the specific infoimalion ol tlie- 
individual market participants” (1978, p. 589). However, this does mm 
seem completely in accord with his formal definitions of .V,, 

Indeed, unless traders share the exact same forecasts, it o 
case that some trader would derive f urther advantage Iron 
the specific information of all traders. The reason for this 
see. Any trader (say A) will only take a non/ero position if I 
to make a capital gain by so doing. I hat is. /•.,'(IV,\ t |U me 
VV, A in (2). Now suppose that the market is at Figlewski s .. 
equilibrium. I hen if trader A had access to the specific inloi main 
of all traders, he would know that /•.',(IV,\ ,|U’,' - IV,' ) does not c\ 
ceed W A at all but is instead equal to it. That is. on aveiage naclci .Vs 
gains are exactly offset by his losses when the market is at its long- 
tun equilibrium. Being risk averse, A would death choose a zero 
trading position if he recognized that this was the situation 

It is also worth pointing out that in Figlewski’s two-trader model, 
every trader can always infer all private information in the matket 
from the knowledge of his own wealth level, private forecast, total 

By way ol contrast, when IV' > 0, the likelihood that ir.ulei \ mi no a i.iimal gain 
when his wealth is W’, A grows as IV,' -» (1 
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market wealth, and the prevailing market price. All that is required 
for this to be true is that traders know each other’s private forecast 
variance, degree of risk aversion, and the fact that P, is determined by 
equation (3). However this only holds lor a two-trader system. With 
more than two traders, such inferences are generally impossible. 

V 

As a final issue, consider whether Figlewski’s futures market has a 
tendency to move in cycles. Figlewski argues that when the market is 
in its unique long-run equilibrium, the futures price P, will not only be 
an unbiased estimator of the spot price P*, but will be minimum 
variance as well. Moreover, he shows that the market will always have 
a tendency to move in the direction of the long-run equilibrium. 
Figlewski is careful to point out that, while it is tempting to call W A a 
stable equilibrium, he has not "ruled out parameter values that would 
lead to explosive oscillations around it” (p. 591). Indeed 1 shall now 
extend his analysis to show that VV A must be unstable (for all parame¬ 
ter values, unless IV A is a boundary value in which trader A has either 
all or none of the wealth in the market). 1 

L.et us ask whether trader A’s wealth tan be expected to move closer 
to IV A with the passage of time. Therefore consider the squared (Eu¬ 
clidean) distance Z)(fV A ), (IV, A — 1V A )“, between IV, x and IV A . Can we 
expect /J(fV,\ ,) to be less than l)( IV;')? The following proposition 
establishes the existence of an unstable neighborhood (IV,, IV, ) of 
IV A . That is, if fV A lies inside (W,, W ,.) one expects to move further 
away, and if IV A lies outside (IV,, IV,) one expects to move closer to 
W A . I herefore it would not be unreasonable to expect the market It) 
cycle around IV, next period (say) until a large disturbance moves it 
toward IV,., in which case it cycles around W, for a lime. As a result, 
the market might appear to display a long-run cycling pattern com¬ 
posed of alternating shorter cycles, fnteiestingly, the long-i tin c yc ling 
pattern will appear to oscillate around W A . 

Proposition 2: Let 0 < IV A < 1. Then there exists a neighborhood 
(IV,, W, ) of IV A with IV, > 0 and IV,, < I such that /)(IV,') exceeds 
E[l)(W\ ,)| W;'j if IV, A is outside this neighborhood. If IV;' is inside the 
neighborhood, then I)( W A ) is the strictly smaller of the two. When IV;' 
= W, or IV;' = IV,-, then the two are equal. 

Proposition 2 follows as a direct consequence of the expression for 
£[Z)(IV,\ |)|1V A ] — D(1V a ), whose value is easily computed. 

The reason for W A not being stable is intimately associated with the 

' As Figlewski notes, any nonixmndary value ot IV* roiiMiliilev a liamienl Male, so 
that his market is genciali) not sloe IusIk ally stable in the vety long inn. 
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discussion in Section IV above. Consider a period when the market 
begins at the efficient equilibrium. Recall that each trader will typi¬ 
cally engage in trade because he (wrongly) expects to incur a capital 
gain that is strictly positive. Now this trade will almost surely leave him 
with some change in his wealth level at the end of the period (even 
though capital losses exactly offset capital gains on average at the 
efficient equilibrium). As a result, the system will move away from the 
efficient equilibrium. Consequently, this notion of efficient equilib¬ 
rium has the seeds of instability sown within it. Of course, traders act 
as if they know neither the location of W* nor the fact that each 
trader’s expected capital gain is zero at W*. Indeed, this seems fairlv 
descriptive of real-world markets. Moreover, il traders did start to 
reduce the size of their positions as -» W) q (as would be necessary 
for stability), then W* would itself shift in general. The location of 
would stay fixed only if all traders decided to reduce their de¬ 
mands in the same proportion (from the original level). 
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Efficient Asset Portfolios and the Theory of 
Normal Backwardation: A Comment 
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In a recent paper, Carter, Ransser, and Schmitz (1983) (hereafter 
CRS) argue that previous studies of the risk premium on agricultural 
commodity futures contracts used incorrect proxies for the market 
index and consequently mismeasured the equilibrium risk premium 
on those contracts. C'.RS show that when an alternative market index is 
used to measure systematic risk, the required risk premium is positive 
and ol economically significant magnitude. This result contradicts 
that of Dusak (1973) and supports the notion of a generalized Keynes¬ 
ian theory of not mal backwardation. The purpose of this Comment is 
to atgue that the tnaiket index constructed hy CRS is inappropriate 
and that their empirical results stem directly from the use of this 
index. 

The CRS Model 

CRS follow Dusak in employing the capital asset pricing model as the 
basis for their analysis of equilibrium risk premia. They regress liist 
differences of the logarithms of weekly average futures prices on a 
market index to derive the measure of systematic risk (beta) for five 
agricultural commodities. However, they argue that Dusak was incor¬ 
rect in using the Standard and Poor’s 500 Stock Price Index as the 
proxy for the market index since the S&P 500 excludes agricultural 
commodities. (Virtually no U.S. farms are traded in equity markets.) 
Instead, CRS argue that an equally weighted average of the S&P 500 
and the Dow Jones commodity futures index would constitute a more 
appropriate market proxy. 

I he construction of the market index is the central issue in the CRS 
methodology. To appreciate its importance, note that the average 
beta of commodity futures prices against the Dow Jones commodity 
futures index must, by construction, equal 1.0, while Dusak lias 
shown that the beta of commodities against the S&P 500 is close to 
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zero. Thus, the beta of a typical commodity futures price against a 
weighted average of the S&i’ 500 and commodity index will be an 
increasing function of the weight assigned to the commodity index. 
With a zero weight assigned to the commodity index, Dusak found 
average betas close to zero, but as the weight approaches one, the 
betas must average to one. With a 50 percent weight, CRS found 
commodity futures betas that centered approximately at two-thirds. 
Thus, the estimated beta turns critically oil the weight given to com¬ 
modity futures in the constructed market proxy. 

ffte proper theoretical construct for the market is the value- 
weighted index of all assets in the economy. If the S&P 500 does 
underrepresent the share of agriculture in the economy, then (IRS 
are correct in attempting to adjust the index to take greater account 
of that sector. However, the equal weights given the stock and com¬ 
modity indexes overadjust the index toward the agricultural sector 
and thereby bias upward CRS’s estimated betas. 

A more reasonable weight for the commodity index is roughly one- 
tenth. This weight can be derived from several sources. Kitst. house¬ 
hold sector net wealth in 1977 was $5,815 billion. 1 I he value given bv 
CRS for agricultural farm assets is $655 billion, wltic h is 11.2 percent 
of net wealth. This figure is also consistent with income data, dross 
farm income (including government payments) was only 7 percent ol 
national income, and net farm income was 12 percent of corporate 
profits in 1981 (Council of F.conomic Advisers 1982). 

1 he justification given by CRS for weighting the stock and com¬ 
modity indices equally seems to rest on a comparison of sio< k market 
value in 1977 ($950 billion) to two measures of die value of ,b. > 
ricultural sector of the economy: total farm assets ($650 bil 
the value of commodities represented bv contracts tiadeo 
($1,230 billion), these numbers are, however, misleading. 

first, the $1.2 trillion figure for commodity f mines conti 
inappropriate measure of the value of commodities. As Him • 
has emphasized, futures dan tracts are zero net aggiegate supj,,, 
sets. Lvery long position is offset by a shoit position. I he- thcoiciic.u 
market index must thus exclude (mutes conti acts, fuithcr. the Si.2 
trillion figure for commodity contracts seems to be a serious oveiestt- 
mate of the aggregate value of commodities. In 1977 $1 2 trillion was 
u y one-fifth of total domestic net wealth. I suspect that this figure 
represents the sum of all trades in all contracts over the course of die 
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year rather than the more meaningful value of the stock of open 
interest outstanding at any point in time. Summing the value of the 
open interest of every agricultural (i.e., grain, oil seed, livestock, food, 
and fiber) futures contract listed in the Wall Street Journal on March 
25, 1983, yielded a total of only $19 billion, or less than 2 percent of 
the $1.2 trillion figure cited. The comparison of farm assets to equity 
value is also misleading. Ideally, one would like to include all assets in 
the market index. Although data problems associated with nontraded 
assets make this impossible, it seems clear that the S&P 500 should 
proxy lor the returns on unincorporated businesses, pension hold¬ 
ings, real estate, residences, and corporate bonds more accurately 
than would agricultural futures prices. It follows that the weight as¬ 
signed to agricultural commodities in the market index should be the 
relative proportion of commodities in total wealth, and not 50 per¬ 
cent. 

Thus, CRS appear to hate assigned far too great a weight to com¬ 
modities in the construction of their market index. Their procedure 
casts doubt on the validity of their empirical results: essentially, com¬ 
modity futures prices were regressed against an index dominated by 
those very futures prices. Moreover, Bodieand Rosansky (1980) show 
that almost all commodity futures prices are positively correlated, so 
that each futures contract will follow the Dow Jones commodity in¬ 
dex. It is not surprising that regressions of commodity contract prices 
on an index comprised so heavily of a commodity price index result in 
large positive betas. A more teasonable weighting scheme would have 
given much lower betas, and the conclusions regarding risk premia in 
commodity f utures conn acts would be correspondingly reversed. 
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Miscellany 


Financial Futures Markets 
and Tabular Standards 

Milton Friedman 
Hoover Institution 


The goal of a monetary system that provides assurance against fluctu¬ 
ations in purchasing power is ancient. One frequently suggested and 
repeatedly rediscovered proposal is to attain that result bv linking the 
currency unit to a price index. 1 hat device was proposed in the 
nineteenth century by W. Stanley Jevons and by Alfred Marshall, who 
named it a tabular standard. It has been repeatedly tediscovered In 
Marshall’s version it required no governmental action except the is¬ 
suance of a [trice index number, something which has of ionise l>e- 
rome widely prevalent. Individuals would simply in then own inteiest 
be led to make contracts specified not in let ms of the nominal nuiubei 
of monetary units—the number of dollars—but in teimsof the pm- 
chasmg power equivalent of the present number of monctaiv units 
that is, the contract would call for paying a given number o' ' 
multiplied by the ratio of a price index as of that date to tie 


which the contract was entered into. 

Despite the theoretical attractiveness of this idea and the al 
any effective hindrance to its adoption, it has never Itecnme 1 
It is a particular version of the generally attractive idea of nr 
indexation. Yet indexation has been extensive onlv when mll.ii. 
been extremely high and variable as in some South Ameiiiun min 
tries and Israel—and has generally fallen into disuse when inflation 
has been conquered. 1 he only area in which then- aie anv laige 
number of indexed contracts is the area of labor conn ads. and even 
heie the use of indexation is by no means dominant and tends to i isl¬ 
and decline as inflation rises and declines. 
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The recent explosion in financial futures markets offers a very 
different possible road to the achievement of the equivalent of a 
tabular standard through private market actions. This possibility is 
highly speculative—little more than a gleam in one economist’s eye. 1 

Its cential feature would be the establishment of futures markets in 
one or more price indexes—strictly parallel to the markets that have 
developed in stock price indexes. Suppose there were such markets 
existent or active and covering a considerable range of future dates. 
Any individual entering into a contract for a future date could hedge 
himself against inflation uncertainty by use of a futures market. Con¬ 
sider a builder contracting to erect an apartment house under a fixed 
dollar contract. He could roughly estimate the time distribution ol his 
costs and at convenient intervals enter into a contract to buy the 
nuinhei of dollars he estimates would he required. If inflation rose his 
costs would go up but he would have an ol (setting gain on the futures 
market. If inflation were less than he had anticipated when he en¬ 
tered into the contract he would have a gain in his constitution activ¬ 
ity, hut that would be matched by a loss in the futures contract. 

Similarly, the pci son who has contracted to buy the building could 
hedge his risks. I.et us assume for a moment that he is buying it with 
an eye to reselling. He'ftas continued himself to pay a certain numhei 
of dollars; he wants to be assuted of receiving a cot tespondiiig num¬ 
ber of dollars. He accordingly sells dollars forward. It the price at 
which he can sell it goes tip beyond Iris expectations he makes a piolit 
on selling the building, hut that is matched by a loss on his fmutes 
contract. Conversely, if the price at which he could sell the building 
plunges, that is matched by a gam on his fututes contract. 

I he great advantage toopeiating in a futures market by compari¬ 
son with a tabular standard, whic h might lead to the wider use of the 
one than has occurred ol the other, is that eac h party to a contract c an 
act separately. It is not necessary for the seller and the buyei to 
negotiate a purchasing-power contract; each one can hedge as and 
when he wishes m the futures market separately. In addition, it tu- 
tcues matkets in price indexes did become juipular, there would un¬ 
doubtedly develop a variety of suc h indexes. There would presum¬ 
ably he futuies in the consumer price index, perhaps in ihe 
producer s (nice index, perhaps in components of the one or the 
other, sue h as, for example, c oustruc lion costs or pri< es of metals and 
then products. Since the price lisks against which buyers and sdleis 
need to hedge are likely to he rather different, the multiplication of 
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such price indexes would offer a greater flexibility to the whole pro¬ 
cess. The buyer could hedge on one index, the seller on another. 

An incidental advantage of the existence of futures markets in 
price indexes is to provide market judgments on the elusive concepts 
of inflation expectations. We have great uncertainty, for example, 
about how to interpret interest rates on long-term securities. How 
shall those interest rates be divided between the “expet ted inflation" 
and the “real interest rate"? The futures market in ihe consumer 
price index would immediately give a reading of what on the average 
is the expectation in the market. 



Book Reviews 


Schumpeterian Economics. Edited by Hh.mi t Frisch. 

New York: Praeger Publishers, 1982. Pp. xx + 184. $27.95. 

Phis volume presents 10 papers delivered at a symposium held at the Aus¬ 
trian Academy of Sciences in 1980. The list of contribulois is a distinguished 
one: Paul Samuelson, Wolfgang Stolper, Herbert Giersch, Erich Streissler, 
Arnold Heertje, Martin Bronienbrenner. Kuri Rothschild, Bruno Frey, 
Mark Perlman, and Eduard Mar/. Seven of the papers address the central 
themes and theses of Schumpeter’s main works, the Theory of Economic Devel¬ 
opment (1912), Business Cycles (1939), and Capitalism , Socialism and Demon ary 
(1942). Sanmelson’s paper is concerned mainly with one specific Schumpe¬ 
terian proposition (the zero rate of interest in a stationaty economy); Perl¬ 
man’s presents an outline of Schumpeter's History of Economic Analysts (1954), 
comparing it with W. O. Mitchell's lectures on Types of Economic Theory; and 
Mar/s gives an account of Schumpeter’s brief career as Austrian Minister of 
Finance in 1919. Six of the authors (Samuelson, Stolper, Giersch, Brortfen- 
brenner, Rothschild, and Frey) express great admit ation for Schumpeter as a 
soc ial scientist, two (Streissler and Heertje) are strongly critical, and two (Perl¬ 
man and Mar/) give no general evaluation of him. 

The attempt to fix Schumpeter’s position in the pantheon of social science 
began with a special issue ol the Review of Economics rind Stalistm (May 195!) 
shortly after his death, containing papers by 14 of his erstwhile colleagues and 
students. Since then there have been numerous symposia, books, and papers 
on him. Yet, withal, his status as a social scientist remains equivocal. The 
problem is evident in the opening paper of the present volume, by Paul 
Samuelson. Under the general tide of "Schumpeter as an Economic Theo¬ 
rist,” Samuelson discusses at length only one technical (and rather unimpor¬ 
tant) proposition by Schumpeter, demolishes it, notes in passing some other 
errors in Schumpeter’s economic analysis, and then concludes, without fur¬ 
ther ado, that nevertheless he was “one of the few most important economic 
theorists of the twentieth century.” This disjunctive style of appraisal is re¬ 
peated frequently in the volume, as in other writings on Sc luunpeter, and one 
temains at a loss to understand the basis for his nomination to the Hall of 
Fame. 

Bruno Frey ("Schumpeter, Political Economist") tells us that lie is “thltiled 
by how many ideas that are now part of modem political economy are alt each 
contained in [Schumpeter’s] writings,” attributing to Capitalism, Socialism and 
Democracy the "essence" of public choice theory (a claim echoed by Roth¬ 
schild). But Erey goes on to (joint out that modern public choice theory 
developed independently of Schumpeter, and it turns out that, instead of 
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crediting it to him, Frey regrets that the theory was rwt inspired by his writ¬ 
ings. Schumpeter's effective contribution is reduced to the proposition that 
politicians and bureaucrats are self-interested, an important point, but one 
that could as Well be attributed to James Mill, or to Machiavelli, or to Juvenal, 
who raised the central problem of political science in the famous query Qua 
custodiet ipsos custodes ? 

The work that first brought Schumpeter international repute as an econo¬ 
mist was his Theory of Economic Development, especially because of his emphasis 
on innovation and the concept of “creative destruction," his connection ol 
growth with cycles, and his proposition that mllalionary credit creation stimu¬ 
lates development. Both the originality and the validity of these ideas are 
open to question. Streissler points out that the significance of innovation was 
forcibly argued by Schumpeter's teacher Friedrich von Wieser. Having de¬ 
nied Schumpeter credit for originality in this, he awards it to him for the 
theory of “forced saving" through credit creation. But, as historians of eco¬ 
nomics have noted, Henry Thorton had made the same point as early as 
1803. If the theory that such credit creation is a necessary factor in growth 
were correct, Schumpeter could be credited for reviving a neglected point, 
but since it is not he can only lie said to have resin reeled an old error. 
Concerning Schumpeter’s theory ot business cycles, no one has mui h good to 
say that goes beyond Stol[K-r's mysterious proposition that economic develop¬ 
ment and cyclical movement are “synonymous." The them y of the interaction 


ot three differently phased cycles is generally viewed negatively: Stolper calls 
it a “confusion" and Samuelson a "hocus pocus' that was inspired not bv 
empirical experieme but by “the mysteries of harmonic analysis." Schumpe- 
ter having a tendency to be entranced by mathematical formulations that he 
did not fully understand. Giersch opens and closes his paper with ptaise of 
Schumpeter as providing ideas that have guided his own studies ol economic 
development. But in between we find a series of rather aibunny and discon¬ 
nected assertions about the world economy that arc “Schumpeterian" only in 
that the author calls them so. To describe every innoyative change that occurs 
as Schumpeterian" is like giving Newton credit for the existence <>l gravitv 
I he mystery of Schumpeter's status as a scholar is deepened In ' 
as it is by most other writings on him. It can lx* clarified il we treat 
an economist but as a f.aplacean sexial theorist, die architect ol a ; 
sets out to tackle the Big Questions—where we ate; how we have . 
here; where we are inevitably going—m the grand style ol Align- 
and Karl Marx. The apex of Schumpeter's sex ial thought, if it is . 
way, is his Capitalism , Socialism and Demociary. The details of this >■ 

been subject to devastating criticism: its dependence on aibiuaiv aim .. 

e mtions; its failure to discuss the economic s of socialism in supixu t of tl„ 
proposition that a nonmarket system can “work"; its contention rh.ct the 
giowth of large monopolistic emerprise promotes innoyation while sumilia- 
eousy destroying it through bureaucratic rowtini/ation; the lack of empir- 

stnee iKl' 0r US T" P rediclions dur,n K 'lie 40 yeats that base elapsed 
lions r PU ,’ ,CaU ‘! n ' BlU many who ad,ni ’ ,ha( Sc humpe ter s spec ific c omen 
Sc hi.niZ V• S,an<1 n T r,hdCSS P’ aisc him 'ision “ I Ins seems ,0 lx* 

economics^ * esst ‘ ntlal . a PP eal - 11 «"e is dissatisfied with the current stale ol 
fRrnn£ I can „ c,a ! m lhat 11 wou,d be improved by Sc humpetertan y .Mon 
^ r fenbrenner, Rothschild, Frey); if one believes that the e are laws , 

^ u i Deter's ^ ^ d '*"'cred. one can constde, 

umpeters work as a triumph of faith over skepticism (Stolper): ,1 one 
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dislikes capitalism, one can praise Schumpeter for predicting its demise 
(Bronlenbrenner); if one rejects objectivity in social science and insists that it 
should be based on intuitive vision inspired by ideology, one can interpret 
Schumpeter’s reverence for “science" in this way (Kolhsihild); if one admires 
anyone who has the chutzpah to construct a cosmic theory of society, one 
admires Schumpeter (Samuelson). 

Schumpeter was a complex personality and intellect: an egoist and poseur, 
yet courteous, kindly, and almost as omniscient as he pretended to be; a 
romantic and a rationalist; a metaphysical historian who relied heavily on 
clairvoyance and a hard-working empirical scholar; a practitioner of specula¬ 
tive Grand Sociology and a strong promoter ol mathematical modeling and 
econometrics; a conservative for whom pre-1914 Vienna represented West¬ 
ern civilization at its best and a prophet ot what Engels called “scientific 
socialism.” That the papers in this volume do not resolve these contradictions 
is a merit since any effort to do so would attribute to Schumpeter a coherence 
of ideas that he did not possess. Unfortunately, that is almost all that tan be 
said in favor of the hook. Except for Streissler’s insistence that Wteser was the 
originator of the concept of “Schumpeterian" innovation, it contains nothing 
of significance that cannot be found in the previous literature. It does, how¬ 
ever, shed some light on why St humpeter has generated sue h ardent admira¬ 
tion—if one focuses on the votaries rather than the object of their veneration. 

Scot rG ordon 

Indiana IJnivei\ily and Queen\ Cnn’eialy 


The Eranomu 1 aj Feasible Socialism fly At.EC Move. 

Winchester. Mass.: Allen & Unwin, 1983. Pp xi + 244. $29.50 (doth); $9.95 
(paper). 

“Socialism" is a term with numerous, complex, and very diverse philosoph¬ 
ical, economic, social, and political connotations. As earlv as 1818, in their 
“Communist Manifesto," Marx and Engels dismissed a whole set ies of “social¬ 
isms.” namely “feudal socialism," "petty bourgeois socialism,” "German 01 
true socialism,” “conservative or bourgeois socialism,” and the “tritual- 
utopian socialism of .Saint-Simon, Fourier, Owen, and others. Marx and 
Engels promoted, instead, their own "scientific socialism," .1 theory alleged to 
be neither a utopian invention nor a discovery of a would-be universal tc- 
former, but an expression in general terms “of actual relations, sponging 
from an existing class struggle, from a historical movement going on undei 
our own eyes” (Marx and Engels 1955, p. 4(3). In the Marxian sc hemn, social¬ 
ism is the predictable outcome of the decline of a capitalism rent by “innei 
contradictions. As a political-economic system, socialism comes into being 
when the proletariat rises through 1 evolution to the position of the 1 tiling 
class and when it uses this political supremacy "to wtesl, by degtees, all tapital 
from the bourgeoisie, to centralize all instruments of ptoduc ticin in the hands 
of the State, . . . and to intiease the total ol productive lottes as rapidly as 
possible (Marx and Engels 1955, p. 53). Also, socialism evolves as a system 
through a transitional or transformation period extending between the (all ol 
capitalism and the advent of full communism. During that period “despotic 
inroads in the rights of property” are conducted by the ruling working t lass in 
order to revolutionize the mode of production, raise productivity to unknown 
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heights, overcome scarcity, and achieve a nonmonetary, planned, collectivist 
system in which the state will cease to exist (Marx and Kngels 1955, p. 5-1; see 
also Engels 1955, pp. 136 ff., 153). Marx's followers have believed that he 
“laid bare the laws of motion of capitalism," discovered the hidden main¬ 
spring of us modw, operanth, and demonstrated incontroverubly dial the "law 
of value” (i.e., the play of “elemental” lotces of the maiket determining prices 
and wages) that dominates capitalism will eventually recede into oblivion 
under socialism. The main disputes among Marxians have rarelv involved 
these tenets; they have more usually concerned the issues of Iww the pio- 
leluriat rises to the position of the “ruling class,” which specific measures it will 
enact, and above all at what speed, once it is in power. The basic concepts of 
“despotic inroads in the rights of property," of “centralization ot all insliu- 
ments in the hands of the State," of the supplanting of market relations with 
centralized directives (in order to subjugate the “law of value”) are embedded 
in the very foundations of all existing “socialist" couniiies. I he debates on 
systemic reforms in these countries concern only the extent and the speeds of 
expropriations, centralization, and limitation of the maikei lorces 
Considering Marx’s theoretical concepts of socialism and then cunent ap¬ 
plications in the socialist countries, Nove lejects them as “utopian" anti as 
“intolerably inefficient,” respectively. He then raises the following questions. 
“What species of socialism could be envisaged? Would sue h a sex lalisni be Itee 
of the defects of the Soviet model and of other ‘really existing' variants' 
Could it operate with reasonable efficiency, and give satisfaction to the cm- 
zens m their capacities as consumers and producers-" (p x). In the process of 
answering these questions, that is, of “fleshing out" a “feasible sex lalism" as an 
alternative to societies based on private ownership and on Sowet-Upe rela¬ 
tions, Nove deduces its necessary conditions via a step-bv-step critique of 
Marx's theoretical legacy (pt. 1 of the book), of the actual Soviet expetience 
(pt 2), and of the East European and Chinese adaptations (pt. 3), (It i s 
interesting to note that he does not Ixnhet at all w itli oilier kinds o| sex lalism ) 
This critique is followed bv recommendations concerning strategies of tianst- 
ti° n from (a) a developed or senudeveloped capitalist sex lets lo six lalism. (h) 
a Soviet-type socialism to “something mote acceptable", and (i ) a I hud 
World context to “developmental socialism" (pt. A). I he concluding sec non 
(pt. a) recapitulates and rounds out the necessary conditions lot achievin'. 1 n 
sought-for feasible socialism." "without our having to make oi 
plausible or far-letched assumptions about society, human bcim!- 
., economy” (p. 197) 

How are these necessary conditions searched for and found'- 1.. 
while the Marxian piediction about socialism (the sex ialist Mansi' 
period ) is open-ended like all prophecies, Nove spec ilies from the , 

• c W ! S , h , eS lo set ,wr his "feasible socialism" a definite horizon, this 
should be ac hievable "within the lifespan of a generation" (sav, .5(1 u ... 

■ "'r , ’ however, how the scxialisls come to power and how ih< v 

‘ 'f ' e , for lbe llfe s P an <,f a generation. Be that as it mav. tliev ate invited to 
*^ jeaaSIII , laC ‘ C P Ube lhe Ma rxtan assumption about the marcli tow.ud alum 
ir"!, u " der soc'talisni. Nove notes, instead, that for the next decades, m a 
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misleading or irrelevant (p. 25). Equally misleading are the ideas about the 
elimination of the “production of commodities” and its eventual replacement 
bv “production for use” (i e., of free goods); “one would have commodity 
production" (p. SO). 

Could the market be supplanted under “leasihle socialism”? Such a social¬ 
ism, in which public property will he dominant but not exclusive, could not 
entertain the Marxian "illusion” that labor could be directly allocated, in a 
planned fashion, to predetermined tasks. Alter an excursus on the “ir- 
lelevancies” of the labor theory ol value, on the controversies about Marx's 
lianstormatton theoty of value into prices, and on Mai x and Engels's ideas on 
die "levolution in the mode of produc lion" translated into the "ovet emphasis 
on the primacy of production and the neglect of consumer needs,” Move 
snessrs the importance of smle and romplfxity in modern industry. In these 
conditions, he says, the principles of “freely chosen negotiated contracts 
(which means autonomy and a species of commodity jiioducuon)" and of “a 
system of binding instructions from planning offices," “mini be combined, 
must coexist" (p 44). Finally, the “romantic-utopian" Maixian theory that 
socialism could "overcome" the division of laboi typical of capitalism is dis¬ 
missed as unacceptable (or “feasible socialism," since the author has 
already discatded the labor theory of value. And Nove concludes; "Some 
hierarchy and subordinates aie inseparable in otgam/mg production—and 
the smaller the role ol pioducers' autonomy and ot markets, the greater must 
be the role of hieiare by and of bureauc rat v " 

Having pointed out the "realistic" implications (or socialism of the continu¬ 
ation ol scamty and of its unavoidable sequels, of scale and complexity ol 
production and of their ramifications, and ol management problems and of 
their attendant issues concerning sanc tions and towards. Nose turns m pal Is 
2 and .4 of his look to die analysis of the "methods, polit ies and administrative 
arrangements that exist" m the socialist camp ill older to "count the tost of 
what does not exist" (p 109) 1 he mam arguments 1 luster now atomic! the 
questions of how exactly to incoi poiate micro demands into instructions (pp. 
74-75), the “cm se" of diseconomies ol sc ale. the problems til innovation and 
ol bureaucratic fragmentation (pp 75 If ). and the “necessity of enlarging the 
decision-making ol those oil the spot" (p. 90) Nove concludes that "leasihle 
socialism” must be concerned unit “how to avoid tlie" overtonectilration ol 
power and the overcentrali/atton ol management, and the diseconomies ol 
scale, which have been among the major delects ol Soviet-tv|ie socialism 
Inflexibility, inefficiency, human alienation and the umejnesentalive naiuie 
of authority are part ol the same unatliactive package" (|>. I 15). But, exte|>i 
for the assutance that "Marx, were fie alive, would most certainly have 
modified his doctrine in the light ol expel it-iu e" (p. 1 1H), the icview ol die 
Fast Furojjean reforms yields few further “ticcessaiy conditions” foi the 
achievement of feasible socialism. Moieovei. we are letl in the dark as to 
the "cost of what does not exist" (i <■., of the altet natives) 

Fart 4, on the problems ol transition (rom capitalism. Soviet-type socialism, 
and I bird World morass 10 feasible socialism, contains a unrulier ol inter¬ 
esting asides concerning sociopolitical issues and recommendations. I lies 
refer to income distribution, various jmssible alliances with small business, the 
danger of counterproductive wage demands at inappropriate moments, the 
impossibility of democratizing planning without slrenglbening the “malkct 
elements," the firoblem of "ideology," and some other questions not threetlv 
relevant to the main argument line. Indeed, the entire part 4 is neglected in 
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the last section of the book (cf. p. 19b), which presents the author's genera! 


conclusions. 

In the opening line of part 5, Nove proclaims himsell ready now “to pass to 
a picture of possible socialism” (p. 196). However, alter a recapitulation of the 
indicated conditions, he feels the need of injecting some additional assump¬ 
tions and suggestions fot buttressing the searth for "feasibility." His first 
assumption is a political one: “a multiparty democracy, with pei iodic elections 
to a parliament” obviously is preferable to "the evils of an imposed one-partv 
system” (p. 197). On the thorny issue of what categories of producer gocxls 
and services should exist, he suggests the need of "the coexistence of a wide 
variety of scale, technique, and consequently of oi gaiii/aiion, indeed of pro¬ 
duction relations"—with successive geneialions free to shift “their predomi¬ 
nant opinions and objectives” (p. 200). Further, if any actisity tan l>e fiunlullv 
undertaken by any individual “this sets up the presumption of legitimacy" (p. 
I 206). Last but not least, “democratic vole could decide the border between ihe 
< commercial or market sectors and those where goods and seivices could !>t 
provided free" (p. 208). And Nove concludes, "I hope that, in presenting a 
feasible form of soc ialism, I have nowheie slipped into lomantic utopianism, 
have made no far-fetched economic or psychological assumptions Is the 
resulting picture alliactive? fs it desirable' fhis is \eiv much a matter of 
* opinion" (p. 228). 

As we see, Nove does not hide his prefeiences. Indeed, from the outset he 
nineties capitalism (albeit m a cm sory inannei; see pp 3-3) and then affn ms 
his preference for socialism “with a human face." if one accepts it as "feasi¬ 
ble." It is on this basis that lie launches confidently into a kind ol clued and 
indirect dialogue with Marxian “fundamentalists" (m power or out of powei). 
as well as with other would-be socialist reformers, in order to show them that 
they may go astray either if they follow Marx's irrelevant les oi il dies do not 
coi ice tlv appraise the ex pet lence of "existing" sot lalism Now. one mas easily 
retort that the "fundamentalists" have sei/ecl and ate maintaining iheir jancei 
on the basis of very definite conceptions concerning the parts, the stale, and 
the economy Filey may correct this or that aspect of their .icmits; but is it 
truly “lealistic" to expect them to disc.ud the joint foundations ol ilieu 
power—namelv, party control, expanding (not conn,uting) n.ittonalt/anons 
priotityol centiali/cd directives, and piedominance of plaimets' (not ol con 
c»- sinners') preferences? 

Nose's "feasible sew lalism" would involve economic calc ulatton. i < 
production, flexible combinations of planning and nuikcts. i. 

... hieiarc lues in organized production, proper incentives and u se 
"" mullipaity democracy. F.xcept lor Nove's pieleience loi a jm 
public sec tor, would not his "feasible socialism" look in mans u -, 
mixed capitalism.'' I lien sshs bother? In what ness tespreis is du 


>"■ picture atlrattive V 

Nose is deteimined not to "slip into romantic utopiamsiii ’ Bui 
lealistic and not ‘lar-fetclied to assume" that the* socialists could -i 
P ,mtr lo1 'lie “lifespan ol a geneialion" in ordei to establish dun Uasil.i, 
Sl,<lallS!I ' within the liainework ol a muliipartv demouatv- 

Nine s ci iticjiie of the Marxian legacy, of the Soviet ex pc i lem e. and ol the 
'As, lsl ^ u, °pc.m and other valiants is cogent, to the point, and knowledgeable. 

rt-,n * ol,es •malyses piesented bv lum in lus other hooks Bui die 

w "ccess.uy conditions" that (Ins critique is supposed to vield lot the touucla- 
w tl( ' n °* hls “feasible socialism" are an instil lie tent base lor a theory Indeed, a 
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“feasible" solution derived from necessary conditions (which are supposed to 
show how and why it is feasible) is no solution at all. One still has to show that 
these conditions are sufficient as well. What we now have is a presumption 
built on necessary conditions without knowing if a feasible solution really 
exists. We do not know whether this solution is utopian (i.e., outside of a 
feasible set as Move defines the necessary conditions). If it is not utopian and it 
is in the set of feasible solutions, then we do not know if this particular 
solution is the optimal one by some or any criterion. It it is the only solution 
according to the author’s constraints, then it is automatically the best and the 
worst simultaneously—by any criterion. 

There have been other economists who have tried to deal with the question 
of what is possible and what is not possible under socialism—Barone, Lerner, 
and Lange, for example. Bui they did not presume to make broad “excur¬ 
sions into the future." They simplv tried to define narrow issues, approached 
them technically, and solved them brilliantly, leaving an enduring theoretical 
he i it age. 

NlUOl AS Sl'Ul BF.R 

Inthana University 
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The Trade-Off between 
Equality and Efficiency 


Edgar K. Browning and William R. Johnson 

Vnwemty of Viigiiun 


t his paper uses a 197(i micrcxlata base to estimate the marginal cost 
of reducing income inequality with a policy that lias distributional 
effects similar to the present tax-transfer system. 1 he analysis uses a 
simulation methodology in which only the lalxir supply eflects ate 
evaluated: other behavioral effects are ignored. 1 he most sinking 
finding is (hat tnaiginal cost is quite high even for modest labor 
supply elasticities. For example, in the benchmark case with a 
weighted-average economy-wide uncompensated 'sage elasticity ol 
0 2 (and compensated elasticity ol 0.31), the disposable money in¬ 
come of upper-income quintiles ol households is depressed by SO .'>1 
loi each dollar inc rease in the disposable money income ol lower- 
income quintiles. When income equivalent values that take account 
of the value of leisure are c ompai ed. the tnaiginal cost lor tins < ,i-t 
estimated to he $3.19. 


Income redistribution is not a socially costless etulcasot bo 
policies required to accomplish it generally produce misalhx 
resources. This basic proposition is well known and usually 
preled as implying a trade-off between equality and efficiency. Ideu 
tifvingthe magnitude of this trade-off is probably the most impoiiant 
Contribution economics can make to the evaluation ol distributional 
policies. However, to be useful, the measure of the trade-off should 
fee a marginal one: What is the cost of slightly more or less inequality 
than we now have? 


• Helpful comment!! were received from Ail Snow and Rogci Shciinan and sennnai 
'jjjki tic ipams at the University of Virginia and Texas AftrM t 'lmeisiu 
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W 49H-} l»v I he I'in 
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Given the importance of this issue, it is surprising how little atten¬ 
tion it has received. Of course, there are many studies that investigate 
the effects of various transfer and tax policies, and these are certainly 
related in some way to the marginal trade-off between equality and 
efficiency. 1 The exact relationship, however, is not obvious since most 
tax and transfer studies only estimate the total welfare cost of a pro¬ 
gram, and total welfare costs are not a good indicator of the size of 
marginal welfare costs, especially in the case of redistributive policies. 
The optimal income tax literature also deals with this trade-off, but it 
tends to concentrate on the calculation of optimal marginal tax rates 
using an assumed social welfare function and hypothetical data, and 
consequently does not directly estimate the actual trade-off society 
faces. 2 

In this study, we seek to clarity the ti ade-off between equality and 
efficiency by focusing on marginal changes in the current U.S. tax- 
transfer system. The analysis utilizes a rich microdata base that allows 
us to develop estimates of the marginal and average tax rates imposed 
on households by the current mixture of taxes and transfer pro¬ 
grams. Using these data, we simulate the effects of a (small) change in 
the distribution of income produced by a demogrant form of redis¬ 
tributive policy, while taking into account the labor supply effects of 
the changes in marginal and average tax rates. Our most striking 
conclusion is that the marginal trade-off between equality and 
efficiency is quite severe even when labor supply elasticities are low 
and despite a modest total welfare cost of the current tax-transfer 
system. For example, in our benchmark case with an uncompensated 
labor supply elasticity of 0.2 (and a compensated elasticity of 0.3), 
each dollar increase in the disposable incomes of the lowest two quin¬ 
tiles requires a reduction in the disposable incomes of the highest 
three quintiles of more than $9.00. 

I. Preliminary Remarks 

l he nature of the trade-offs between equality and efficiency to be 
considered can be clarified by using an income distribution frontier. 
Assume that there are only two individuals, // with high market earn¬ 
ings and L with low market earnings. In figure 1, their market earn¬ 
ings in the absence of any taxes or transfers are OH, and OL\, and this 
distribution is identified by point A on the income distribution fron- 

Dan/igcr, llaveman, and Plocnick (1981) survey the literature on transfer Jim- 
grams, wlnle Aaron and Bosk in (198(1) and Aaron and Pci hman (1981) contain seveial 
si tidies on lax polity and numrious leferenres to tbal lileialurc 

J Mirrlecs (1971) is ihe seminal paper. Shcshiriski (1972), Sadka (1970), and Stern 
(1976) are good introdui lions lo the optimal lax literature. 
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tier. To generate other points on the frontier, we must specify a 
mechanism for altering the distribution of income. Suppose the 
mechanism is a flat-rate tax on income that finances equal lump-sum 
grants to H and L. By raising the tax rate from zero to 100 percent 
and then plotting the resulting combinations of disposable incomes 
for // and L, we can generate the entire frontier, ABCO. 

If the market earnings of both individuals are unaffected by the tax 
and transfer policy, the frontier would have a slope of - 1 through¬ 
out; L 's disposable income could be increased by $1.00 at a constant 
marginal cost of $1.00 in disposable income to //. Of course, it is 
possible that if income effects on // are strong enough and labor 
supply rises enough with the tax, more than $1.00 can be transferred 
to I. for each $1.00 loss to H. In the more important case, however, 
where the level of market earnings is adversely affected by the redis¬ 
tributive policy, the frontier will take on the general shape shown in 
figure 1. That is, raising L 's disposable income results in an increasing 
marginal cost to //, until we reach point for further redisttibution, 
the adverse effect on market earnings is so large that the disposable 
incomes of both individuals fall, and at a tax rale of 100 jteicent, 
earnings presumably fall to zero at point O on the frontier. 

In terms of figure 1, an obvious measure of the trade-off between 
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equality and efficiency is provided by ihe slope of the income distribu¬ 
tion frontier. For example, if the present system of taxes and trans¬ 
fers places us at point H on the frontier, A H/AL measures the mar¬ 
ginal cost (to //) of raising L's income. In our simulations, we develop 
estimates of this trade-off by calculating the change in disposable 
income for each quintile of households that results from a marginal 
expansion of the present tax-transfer system. Note, however, that this 
measure of the trade-off does not identify the welfare effects of 
changing the income distribution; it only identifies the marginal 
trade-off in market incomes. I'he well-being of individuals also de¬ 
pends on their consumption of leisure, and since both individuals in 
figure 1 will generally be consuming more leisure as we move down 
the frontier, the trade-oil in income-equivalent terms will be smaller 
than the slope of the fiontier. Consider the slope at point li. Since // 
gains leisure at the same time he sacrifices AH in market income, his 
income-equivalent loss is smaller than AH. Conversely, L's gain is 
greater than A L because he gains leisure in addition to A/, in market 
income. Besides estimating the marginal trade-off in market incomes 
(A///A/.), we will also develop estimates of the marginal trade-off in 
income-equivalent terms. 

These trade-offs clearly depend on a variety of factors, such as the 
actual distribution of market earnings, average and marginal tax rates 
of existing programs, and behavioral responses, all of which will be 
discussed later. It must be stressed, however, that the trade-off is also 
likely to depend on the particular polk y used to effect a change in the 
income distribution.' In other words, there is no such thing as a 
unique trade-off between equality and elfit iency but instead different 
trade-offs associated with different polities. Thus, to investigate tin- 
issue lurther, we must specify a policy to he used to alter the distribu¬ 
tion of income at the margin. 

I'he polity we will use in our simulations, which we will refer to as a 
Hemogram policy, is a flat-rate lax on laltor intoine (added to preex¬ 
isting taxes on labor income) that finances equal per person transfers. 
Although this policy makes transfers to upper-income households, 
which may appear to bias the results in the direc lion of finding a large- 
trade-off, it is important to recognize that it is the net effect of (lie- 
taxes and transfers that is crucial. In fact, this demogrant policy is 
equivalent to a negative income tax that applies the same marginal t.ix 
rate to transfer recipients and laxpayers. Figure 2 illustrates this 
point. A Hat-rate tax collects tax revenues as shown by the schedule 


' For example-, ltaunio! and Fischer (IW.I) argue iliac il may lie possible lo mem 
closer to income equality by using some combination ol wage subsidies and taxes (<< 
otherwise manipulating wage rales) rather than by using income taxes and nanslc-is 
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OL, while equal per person transfers provide Irenelits (ignoring dif¬ 
ferences in household si/e) as shown by the schedule SR The net 
disposable income at each level of market earnings is shown In the 
schedule NET. Thus, such a demogrant policy is equivalent t<> i 
tive income tax with a breakeven income of }'* that makes n ,n 
households with incomes below Y* and collects taxes from h< ■ , 
with incomes above that level. For computational reasons, it is 
to model this policy as overlapping tax and transfer progi aim 
economic effects should be the same as tor a policy that onh 
or pays out the net sums shown by /VAT. 

Some readers have felt that our demogrant |x>licy is so cleat iv 
inefficient in redistributing income that we have in effect chosen a 
«tiaw man. I his feeling reflects a contusion concerning the gross and 
«et effects of the tax-transfer system. As line SET shows, net trans¬ 
fers are received by low-income families (those with incomes lielow 
y*), and the greatest transfers are received by the lowest-income 
femilies. Of course, it is true that benefits could lie concentrated even 
l&orc on the lowest-income families, but it is far from clear that this 
(ymld yield a more favorable equality-efficiency trade-off because this 
^gpuld inevitably entail even higher marginal tax rates on transfer 
Jjfccipients who already face high tax rates. Hence, we have chosen to 
famine a demogrant policy for three reasons. First, we think it is a 
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TABU. I 

Comparison of Disirihimtonal Effects 
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1 

64 

2,581 

40 

46 

2 

63 

2,388 

39 

42 

,'i 

33 

677 

20 

12 


Distribution of Cos is 


4 

-23 

-672 

14 

12 

5 

- 137 

— 4,963 

86 

88 


reasonably efficient way 10 redistribute income. Second, it is an easy 
policy to work with computationally. And third, as we show below, a 
simple expansion of the current U.S. tax-transfer system would look 
very much like our demogrant policy. 

For our estimates to provide a reasonable guide to the likely mag¬ 
nitudes of the trade-offs produced by marginal changes in actual 
programs, it is desirable for our demogrant policy to produce distri¬ 
butional results similar to those that would be expected from actual 
changes in the present system. While it is impossible to demonstrate 
this directly—since we do not know exactly what marginal changes 
the political process is likely to generate—it is possible to show that 
the demogrant policy has distributional effects similar to the entire 
present tax and transfer system. Consequently, if actual changes sim¬ 
ply expand the scale of existing programs our assumed policy should 
be an accurate replication of this process. 

In table 1, column 1 gives the net change in disposable income per 
household for each quintile that results from an additional 1 jtercent 
tax on labor income with the revenues returned as equal per person 
grants, assuming no behavioral responses. (The data used lor these 
calculations are described more fully below in Sec. III.) Column 2 
gives our estimate of the distributional effects of actual taxes and 
transfers in 1976. ' A comparison of columns 1 and 2 in table 1 shows 

* Since lota) transfers aie only 42 6 [jcrcent as large as total taxes (because some taxes 
finance non red isirtbu live activities like national defense), to impose a balanced budget 
requirement we assumed that 42 6 percent ol each household’s total tax burden was 
used to finance translcrs. Combining this "redistributive lax" with the transfer received 
by each household yields the net change tn income due to actual redistributive pio 
grams, and the results arc given in col. 2. 
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that the distributional implications of the demogrant policy are quite 
similar to those of the present system. In both cases the lowest three 
quintiles gain at the expense of the top two quintiles. In addition, the 
percentage distributions of benefits among the lowest three quintiles 
and costs between the top two quintiles are also similar, as shown in 
columns 3 and 4. Although the lowest two quintiles receive a slightly 
smaller share of net benefits under our policy, the difference is small. 
In addition, we should expect that as the present system is expanded 
it will be increasingly difficult to concentrate benefits on the lowest- 
income households: when benefits are small they can be restricted 
almost totally to the poorest households, but as they become larger a 
smaller part of each additional dollar transferred tan feasibly be 
granted to the poorest households. Thus, the small deviations in mar¬ 
ginal distributional effects of our assumed polity from the average 
distributional effects of the present system are in the predicted direc¬ 
tion. 

In addition to having distributional implications similar to the pres¬ 
ent system, our assumed incremental policy has other advantages. 
Since taxes are levied on labor income, the major effect of this pro¬ 
gram should be to influence labor supply dec isions, and there is rela¬ 
tively abundant evidence on the magnitudes of the labor supply elas¬ 
ticities required to simulate the effects of the policy (at least as 
compared with the evidence on saving, e.g ). Per capita transfers are 
more reasonable than per household transfers since they do not di¬ 
rectly encourage household breakup, at least unless income effects 
have an effect on household composition. (Another possible transfer 
scheme, distinguishing between adults and children, was examined; 
in particular, simulations giving children half the adults' itansfer ie- 
. vealed no substantial difference from the results presented in th 
paper.) Finally, we suspect that most economists would agree 
. demogrant policy would probably involve as favorable a ti.i 
, we are likely to find in practice (because labor is in sue li 
^supply), so focusing on this policy may give us a good c lm 
(•minimum cost associated with a movement toward gre.tr< i 
equality. 

, JI. A Hypothetical Example 

before turning to the actual simulations, it may prove useful to illus- 
-^ ale with a simple numerical example how various factois interact to 
Spermine the sue of the marginal trade-off in market incomes. As- 
^at there are three households. A, H, and with lalxrr eain- 
^hgs of $5,000, $15,000, and $25,000, respectively. To take into ac- 
3? unt l h e htet that household si/.e increases with income in the United 
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TABLE 2 

1 1.1 us ■ ka rive Calc 1 -i.aiion of nit I hadf-Oh (All Cols, ill $) 



Labor 

Change in 
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Change in 

Household 

Earnings 

Laming* 

Tax Revenues 

Ir.msler 

Disposable Income 

(0 

(2) 

(3) 

(4) 

(5) 

(6) 

\ 

5.00(1 

- 12.50 

45 

81 

24.50 

II 

15,000 

- 47 50 

145 

102 

- 10 50 

C 

25.000 

- 02.50 

225 

162 

- 125.50 

Total 

•15,000 

-112 50 

405 

105 

-112.50 


Staffs, let household .4 contain 1.5 persons, while households B and C 
eath tontaiti three persons. All households ate currently subject to an 
effective marginal tax rate of 40 percent. To evaluate the effect on 
labor supply and earnings (it is assumed that the market wage rate is 
constant), we assume that the elasticity of labor supply relative to the 
net marginal wage rate is 0.15. To simplify this example, we also 
assume income effects on labor supply are negligible, but income 
effects will be taken into account in the actual simulations. 

Given these assumptions, table 2 shows how we can calculate the 
effects of an additional 1 percent tax on labor income with the net 
proceeds used to finance equal per capita transfers. The 1 percent tax 
reduces the net marginal wage rate from 60 to 59 percent of the 
market wage rate, a reduction of 1.66 percent. With an elasticity of 
0.15, labor supply and earnings decline by (0.15)(0.0166), or by 0.25 
percent. The absolute reduction in earnings for each household is 
shown in column 3. The revenues generated by the 1 percent supple¬ 
mental tax alone equal $450, but because of the $ I 12.50 reduc tion in 
earnings, the revenues from the initial 40 percent rate decline by $45. 
Thus, the net increase in tax revenues is $405, and its distribution 
among households is shown in column 4. Divided on a per capita 
basis, the per capita transfer is $54, and the transfer for each house¬ 
hold is shown in column 5. 

Column 6 then gives the change in disposable market income lot 
each household—the sum of the changes shown in columns 3, 4, and 
5. The $23.50 increase for household A is associated with a reduction 
of $136 for households B and C: each dollar increase lor A reduces 
the combined incomes of B and ('. by about $6.00, or a 6: 1 marginal 
trade-off in market incomes. Although based on hypothetical data, 
this example illustrates how modest laltor supply responses can tians- 
late into a surprisingly large trade-off. 

Intuitively, the explanation of why a large trade-off results is that 
we are starting from an already highly distorted position with rela¬ 
tively high marginal tax rates. A given change in marginal tax rates 
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then represents a greater percentage change in the after-tax wage 
rate. Moreover, any decline in labor supply reduces tax revenues 
under initial lax policies more when marginal lax rates are high. 
Finally, it is important to recognize that marginal tax rates rise much 
more than proportionately to the amount of income redistributed. 
Using our actual data on labor incomes, we calculate that the policy 
described (assuming no behavioral response) increases marginal tax 
rales by 4.5 percentage points for each 1 percent of labor income 
redistributed from the top two to the bottom three quintiles. Since 
marginal tax rates are the source of the adverse incentive effects, it is 
not surprising that a small change in income distribution can produce 
substantial effects. J 


III. Data 


We developed the dala used in ihis study as part ol a project that 
investigated the distribution of lax burdens by income classes (lii ow n¬ 
ing and Johnson 1979). The starting point was the (ament Popula¬ 
tion Survey (CPS) for March 1975, which collected income and demo¬ 
graphic data for a representative sample of 47,414 U S. households. 
I he data were subsequently adjusted for underreporting and up¬ 
dated to correspond to 197b levels (see U.S. Congiess 1977). Sec era! 
government transfers that were not already ret orded by the CPS were 
imputed to households, including the major in-kind transfets re¬ 
ceived by households. 1 ' In addition, two types of factor income, the net 
rental value of owner-occ upied housing and act rued c apital gains on 
stock, were also imputed. 7 Finally, a competitive tax incidence model 
was used to allocate the burdens of all major taxes to households 
A more detailed description of the dala base, including expiate ■ 
lions of the methods of allocating taxes and transleis and r 
various types of income to households, is contained in Blow 
Johnson (1979). The final data set is, we believe, an uiuim. 
plete representation of the income received by household' 
effects of government lax and transfer programs in 197b 
1 able 3 gives the information that is most relevant to ill. 
study in summary form. Households have been ranked bv lx (mi . 
income and partitioned into quintiles because our results will be pie 
sented on a quintile basis. The figures in the table give the average 
value per household for each quintile. 


^ elaboration ol these pomes is lonlaincd in Hiowning (MI7XI 

nese imputations were performed bv Malhematna IVIu \ Kesr.mli lot the O.n 
■agressional Budget Office. 

• a- ,* ' 1c ‘* a,a <> n net rental values by income class were based on the Brookings Insiitu 
„J>°u v Mt.Rt.t file. 
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TABLE 3 

Relevant Charaleerlsiics bv Qvinule (per Household Values) 
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11.96 
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6. Gioss lalx>r income 

1,781 

6,589 

12,691 

19.255 

31,177 

7 Pei rentage xhaies of 

2.10 

9.22 

17.75 

26.93 

43 61 

labor income 

8. Persons per household 

1.6 

2 5 

3 I 

3 3 

3.4 

9 Percentage of popula- 

11 r> 

18 0 

22 3 

23.7 

24 5 

(Kill 

10. Maiginal lax rate 

544 

.471 

.408 

.388 

.446 

11 Average tax late 

- .411 

-.102 

.102 

186 

305 


The tax used in our simulation is a Hat-rate tax on labor income, so 
the distribution of gross labor income in row 6 indicates as a first 
approximation how the tax will be distributed among quintiles (ignor¬ 
ing the changes in labor income produced by the policy). The net 
receipts of the tax will be returned as equal per capita transfers, so 
transfers per household will vary with the average size of households, 
because family size rises witli income, upper-income households will 
receive larger transfers than lower-income households. On balance, 
however, the tax-plus-transfer redistributes income downward. If 
there were no change in labor income, the lowest three quintiles 
would gain because their share of total population (row 9) is greater 
than their share of the tax base (row 7). 

The estimates of marginal and average tax rates are especially im¬ 
portant to this study because we model changes in labor supply as a 
function of changes in marginal and average rates (as described in the 
next section). The effective marginal tax rate for each household 
should indicate how much disposable income changes for a small 
change in before-tax earnings, and this depends on the combined 
effect of all taxes and transfers. (The implicit marginal tax rates of 
transfer programs are particularly important for low-income house¬ 
holds.) Our general procedure in estimating effective marginal tax 
rates was to rank, households on the basis of their factor earnings and 
then use the average reduction in transfers and the increase in taxes 
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as we move from one income level to another (in $1,000 increments) 
as the basis for calculating the effective marginal tax rates. 

This general procedure was applied to subsets of the entire popula¬ 
tion of households. Different-sized households were considered sepa¬ 
rately, and households with heads over 65 years of age were omitted 
from the samples. Because both personal income taxes and most 
transfers vary by family size and earnings, separate estimation lor 
different household sizes is important. We eliminated the elderly 
from the samples to remove the bias introduced by age-related (as 
distinct from income-tested) transfers. When households are ranked 
on the basis of their factor earnings, elderly families are dispropor¬ 
tionately represented at the bottom. What we then find is that soc ial 
security and other transfers targeted on the elderly (all as we ntcne up 
the earnings distribution. I his, however, is not the result of marginal 
tax rates implicit in these programs but occurs liecau.se there are 
fewer elderly households higher in the earnings distt ibution. 1 bus, 
including the elderly would misleadingly imply that social security 
benefits contributed to high marginal tax rates for low-income house¬ 
holds. 

Each household in the sample is assigned a marginal tax rate using 
the procedure described. 8 Row 10 of table 3 gives the weighted a\er- 
age values of the marginal tax rates for the households in each quin¬ 
tile. As expected on the basis ot previous research, these rates are 
generally fairly high, especially for low-income households that fre¬ 
quently receive income-tested transfers. 

Our procedure for estimating marginal tax rates is not wnlmm 
defects. In particular, we interpret the estimated rates - 
to any changes in gross lalror income, set the estiman 
weighted averages of the marginal tax rates that apple 
capital and labor incomes. Insofar as the true marginal 
applies to capital income is greater than the rate that ap, 
income, our estimates will be biased upward/' 

On the other hand, there is at least one bias operating in ;, 
site direction that can best be explained with an example Suppi.-., ., 
certain type of income were taxed at a rate of 100 percent. Such a tax 
wou presumably raise no revenue, and our procedure based on how 


tie- 


in< IU<led ln lhC hndl '» "w simulations I her .uc ass., 

scribed in ihe ^ con< ' s t*” ,r * m K ll > their tailor earnings using the piiKeduri 
•' Al l, L prcv,ous paragraph. 1 

labor income U ' X( , S ta [* u ' aw "ably assumed lo tall exiliisneb on capital or 

Thus, we did not attem W h<>W m ’ a> '"come taxes or ti.uislei p.mucnls 

income. ptto estimate separate marginal lax tales (or capital and la !km 



jot ksm of 1‘Oi nnM. tummy 

,H<i , . w0U |d estimate a zero marginal rax 

actual taxes vary *nh »> t( » , L tutr data already rrHec, 

rale —lower than ihe true value- * ^ of raxes and so to 

behatioral change.' math' to n el f c<ll ye marginal rate of taxa- 
fon ,e extent tend to midvrstatt me 


*/<»>■ 1,1 marginal tax rates on labor 

For these reasons. our cs rfie Was is not dear. In 

income may he biased, hot the c nee system since 

addition, it should be ret ailed that changes ‘ ‘ . 

,,/ 7 o nave operated to increase fax rates applying ««» l;,b< " ’ ,no "' r 
brat ket creep efue 10 inflation has /nt leased marginal tales under Ihe 
federal income tax," and the 1977 changes in the social security pay- 
toll tax have similarfy increased effective marginal tate.s. 

Average tax rates are given in row ! I of table 3. For purposes of 
this stud), a household’s average tax rate is defined as (total tax - 
total transfer) - (heforc-tax, after-transfer income). 1 ' This rate, or, 


more precisely, changes in it, is used to indicate the direction of the 
income effect of faxes and transfers together on labor supply. Note 
that the average tax rate defined in this way can vary from - I to + I 
anti will be zero for a household that receives transfers exactly equal 
to the taxes it pays. 

for purposes of indicating the income effect ot the present system 
on labor supply, this definition of ihe average (ax rate suffers from 
the neglect of benefits of nontntnsfer government expenditures like 
defense and highways. For the community as a whole, we estimate a 
positive average tax rate of Hi.77 percent, but it can be argued that 
(he relevant rate is really zero since all tax revenues presumably 
finance expenditures that Irenelit someone. It is not clear, however, 
how we should distribute the benefits of uontransfer expenditures 
among households. More important, for purposes of simulating the 
effect of a change in taxes and transfers while holding nontransfet 
expenditures fixed, we feel die proposed measure is adequate to indi¬ 
cate the direction of die income effect on labor supply. 


In a mem paper. Bairn and S.dusaknJ <I<IKX| make this pmm and dcimmsu.uc 
<haf oui method of computing marginal lax rates is likely to understate the effective 
marginal tax rate relevant for labor supply responses, Iri this respect, out estimates ol 
the efficiency cost of greater redistribution are biased dowuwaid 

1 for four-person families with median income, the maigina) tax rate (applying to 
taxable income) ol the federal individual income tax rose from 22 percent in J9?3 u> 24 
percent m |9fK). For families with one-half and double the median income, ihe inucase 
was from 17 to 18 percent and ho w 12 to 4.4 percent, respective -\y (Hawamf Report 
the evident 1982, tahle f»-4). 

Most tax incidence studies define the average tax rate as ihe total tax divided by 
bdore-tax, alter transfer income. For a study that examines only taxes this is perhaps 
appropriate, but to use the average lax rate as an indication ol the direc non of income 
effect on labo/ supply for simultaneous changes m taxes and transfers, it must be 
defined differently 
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IV. Modeling Labor Supply Responses 

The most important ingredient in our simulations is the presumed 
form of the household’s labor supply response to lax and transfer 
changes. Since we use a way of approximating these changes (hat 
dif fers from most previous work, a justification of our choice is in 
order. Hours of work with a given set of tax and transfer policies (F|) 
are given by 

fj = (1 - MTR*)(\ + aATR) ■ Y ». (1) 

where f j is labor supply, MTR and ATR are the marginal and average- 
tax rates, and V 7 ,) is labor supply with no taxes or transfers at all. The 
parameters a and P can be changed to describe a spectrum (if possible- 
labor supply responses. In particular, 3, which is restricted to lx- 
nonnegative, is related to the substitution effect; the smaller the value 
of p. the more labor supply responds to changes in marginal tax rates. 
The parameter a, also presumed to be nonnegative if leisure is a 
normal good, captures the income effect; the greater the value of a, 
the more labor supply rises when average tax rates reduce income. 

There are three advantages to our labor supply specification. First, 
our formulation is agnostic about the determinants of Y„ (which is 
presumably affected by preferences, wage rates, and nonearned in¬ 
come) and only restricts the response of labor supplv to changes in 
taxes and transfers. We are interested in predicting changes in die 
pattern of labor supply (movements away from point H in lig. 1) 
rather than explaining why we happen to be at point li initiallv. Sec¬ 
ond, equation (1) is compatible with labor supplv ttnves that ,ue 
upward sloping at low net wage rates and backward bendm 
net wage rates. I bis property is not shared by many com 
utility functions such as the C.KS function or by const.i 
labor supply functions. Third, our formulation require' 
supply fall toward zero as marginal tax rates approach 1<" 
characteristic important because of theoretical consideiuti* 

Equation (1) implies that lalxir supply elasticities depend m 
level of average and marginal tax rates and will therefore differ an osn 
households, lahle *4 provides some idea of the relationship between 
the parameters a and p and the elastic ities they imply at the m.uginal 
and average tax rates cunently faced by U.S. households. Foi each 
household we can calculate a compensated and uncompensated elas¬ 
ticity implied by a, p, and existing tax rates. 13 Weighting these elas- 

Om compensated cl.islii ny is obtained In changing margin.!) lax i .ilex tun keeping 
aveiage tax rales constant, heme "compensating" tor llu- income lost In die bighti 
marginal lax tale. Our uncompensated elasticity is compelled be allowing Ixnli .neiage 
wa ,ax ratl ' s ,0 move by die same amount, similar to a proportional i lunge in 
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T ABLE 4 

Impi.ihi Labor Supply Ei.avi ir.i nts k>r Various Values of a, (3 


PARAM¬ 
ETERS Quintile 


Case 

u (5 

Et Avric 11 v 

i 

2 

3 

4 

5 

Overall 

A 

2 2 r i 

Uiuom pen-sated 

435 

263 

.169 

138 

.213 

.204 



Compensated 

.513 

364 

.233 

.255 

.318 

312 

B 

1 2.5 

Uncompensated 

.600 

.464 

382 

355 

.423 

.412 



Compensated 

630 

.515 

.439 

.414 

.475 

.467 

('. 

5 2.5 

Uncompensated 

.523 

.366 

273 

.243 

.323 

.308 



Compensated 

.630 

.515 

.439 

.414 

.476 

.467 

0 

I 4.0 

Uncompensated 

.377 

205 

.122 

.094 

.155 

.152 



Compensated 

.417 

2r>6 

.179 

.154 

.209 

.207 

E 

3 4 0 

Uncompensated 

290 

.106 

012 

-.018 

.054 

.047 



Compensated 

.417 

.256 

.179 

.154 

209 

.207 


licities by hours currently supplied to the market yields average 
elasticities lor each income quintile and for the entire population of 
households. Table 4 shows that elasticities are greater for lowest- and 
highest-incorne households lacing relatively high marginal tax rates. 
The parameter (i strongly af fects the compensated elasticities while ot, 
the income effect, determines the difference between the compen¬ 
sated and uncompensated elasticities. By suitably adjusting these pa¬ 
rameters, therefore, we can generate a wide range of values of com¬ 
pensated and uncompensated elasticities. 

Table 4 and our subsequent simulations embody the simplifying 
notion that each household, regardless of demographic composition, 
behaves according to the a and (3 for the case in question and that any 
changes in labor supply earn income at the household’s average wage- 
rate. 1'hus, each household is treated as a single individual for lalior 
supply purposes and all individuals are bound by the same a and (3. 
We do not think this simplification biases the results unduly; at least, 
if it does, the direction of the bias is not clear a priori. 11 

We consider case A in table 4 to be the most plausible assumption 
for a and (3, for the reasons described below. The implications of this 
"benchmark” combination of a and (3 are given in table 5, which 
shows labor supply relative to the no-tax case for various combina¬ 
tions of ATR and MTR. By reading down the columns in table 5 we 
see the effect of changing marginal tax rates (the “pure” substitution 
effect), and reading across the rows identifies the impact of income 

11 While high-income households have more prime age mariied men (low elastic¬ 
ity), they also have more secondary woikers (high elasticity). Supply elasticities ol 
both taxpayers and transfer recipients are important. 
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Mem. Finally, fidtowin* If* dia*<«l»l tefl"™"* 'f™ * '* 7 * 
=8 0, we can p/of the uncompensated labor suppiy ( * 

As table R suggests, the effect of the existing lax and transfer sys- 
tern on labor supply has been relatively modest, it these patailieler 
values are valid. The median household, with an /17ft — 0.1 and 
MTR = 0.4, has reduced labor supply about 3 percent as a result 
of the tax-transfer system, while low-income households ( ATR = 

— 0.41, MTR = 0.54) have probably reduced labor supply by 20 per¬ 
cent or so. Taking all households together, we estimate a total reduc¬ 
tion of labor supply caused by the tax-transfer system of 5.2 percent. 
This compares with the estimate of Dan/iger, Haveman, and Plotnick 
(1981) that transfer programs alone (excluding the taxes that finance 
them) have reduced overall labor supply by 4.8 percent. Lamptnan 
(1981) has also estimated the reduction of labor supply due to social 
welfare ptograrns and the taxes that finance them at 7 percent. 
Hence, our benchmark parameters yield estimates of the labor supply 
effect of the current tax-transfer system that are similar to other 
estimates in the literature. 

Table 5 also implies a backward-bending labor supply curve; read¬ 
ing down the diagonal along which ATR = MTR, we see that labor 
supply rises until tax rates reach 30 percent and does not fall below 
the no-tax position until taxes are 50 percent. 

The most important justification of the benchmark parameters 
would come from comparison with econometric evidence of labor 
supply response. Unfortunately, that voluminous literature is not eas¬ 
ily summarized, nor is there a consensus on labor supply elasticities. 
Recent critical surveys of the labor supply literature yield some 
bounds on elasticity estimates. Keeley (1981), surveying the iionex- 
perimental literature, gives a mean estimate of uncompensated and 
compensated elasticities for married men of —0.11 and 0.10, respec¬ 
tively, with 1.28 and 1.05 as the corresponding figures for married 
women. Since women work around 30 percent of all hours, a 
weighted overall average would be 0.3 and 0.37, respectively. 1 ’ 
Keeley’s survey of the experimental literature gives a mean overall 
compensated elasticity of 0.16. 

Moffitt and Kehrer’s (1981) sur vey offers similar averages with gen¬ 
erally lower elasticities found in the experimental results. On the 
other hand. Bishop (1980) contends that the true long-term labor 
supply response implied by the experiments is larger than conven¬ 
tionally estimated. He finds the overall impact of the Seattle-Denver 
experiment (the most recent and best exeurted experiment) as reduc- 


1 s Other surveys by Fullerton ( 1‘JHii), I Ict kmaii, Ktllingswot th, ami MaCuidy ( I9H I), 
and Kiihngsworth (1981) are in general at cord with these nnnexperimeniai findings. 
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ing labor supply by about 16 percent. This also accords fairly well with 
our benchmark, case, since table 5 shows the effect (starting from no 
taxes) of MTR = 0.5 and ATR = -0.3—which we believe is repre¬ 
sentative for the average participant in the experiments—as a 16 
percent reduction in labor supply, l'he actual experiments, of course, 
did not start from the no-tax position, so our benchmark implies a 
more limited response than in the Seattle-Denver experiment. 

Some recent labor supply studies have found much higher substitu¬ 
tion elasticities than the research summarized above. Hausrnan (1981) 
estimates an inelastic uncompensated labor supply response for mar¬ 
ried men, but substantial compensated ef fects; using his estimates, we 
compute an uncompensated elasticity of about 0.3 and a substitution 
elasticity of about 0.6 for all workers. MaCurdy (1980), using a life- 
cycle model, finds uncompensated and compensated elasticities of 0.7 
and 1.47 for men, respectively. Both of these estimates seem implaus¬ 
ibly large to us but suggest that the benchmark case is not likely to 
overstate labor supply responses. 

In short, the benchmark case A accords roughly with the bulk of 
the econometric evidence of labor supply elasticities, evident e of the 
effect of the Seattle-Denver Income Maintenance experiments, and 
estimates of the effect of the current tax transfer system on lalxir 
supply. Cases li and C, with their implied overall economy-wide un¬ 
compensated labor supply elasticities of 0.11 and 0.31 (anti compen¬ 
sated elasticities of 0.47), seem to us to be about as large as tan be 
reasonably defended. At the other extreme, tases 1) and with then 

implied overall uncompensated elasticities of 0.15 and 0.05 (and tom 
pensated elasticities of 0.21), would appear to be about as 
plausible given available evidente. Although we find the be • 
case the most congenial set of parameters, we offer simulalx " 
tor all five cases. Imping that (hey will span the range of po" 
most readers find acceptable. 


V. Simulation Results 

Before discussing the results of the simulations, we should cl.uifs 
several assumptions that were employed in the computations. 

1. Wage rates are assumed to be constant. Thus, gross market earn¬ 
ings vary in proportion to the change in the t|uantity of labor sup¬ 
plied. 

2. Capital income, in the aggregate and for each household, is 
assumed to be unaffected by the changes in lax and transfer |x>licies 
being investigated. 

3. 1 he marginal tax rale imposed on each household bv the cut tent 
tax-tiansfer system is assumed to be constant. The change in net 



K)2 


JOURNAL OF POLITICAL ECONOMY 

revenues collected from (or dispersed to) each household by exist¬ 
ing policies when market earnings change is calculated using this 
marginal tax rate. This procedure ignores possible nonlinearities 
in budget constraints—which we believe is plausible for the small 
changes in taxes and transfers and, hence, small changes in labor 
supply that we emphasize. 

4. For purposes of computing the change in the labor supply for 
each household, the change in the average tax rate is estimated at 
current levels of market earnings. In a nonproportional tax system, 
the average lax rate as conventionally defined is endogenous since it 
depends on the amount of labor supply chosen. To apply our formula 
relating labor supply to tax rates, however, this rate must be exoge¬ 
nously given. Our procedure effectively uses the vertical displace¬ 
ment in the budget constraint from the initial equilibrium as an exog¬ 
enous measure of the change in the average tax rate. 

5. The supplemental tax on labor income and per capita transfers 
are subjet t to a balanced budget requirement, in practice, satisfying 
the balanced budget requirement necessitated repeated iterations 
since the size of the transfer that could be financed by a 1 percent tax 
depends on the labor supply response, and the labor supply response 
depends in part on the size of the transfer (through its effect on the 
average tax rale). In each simulation, therefore, we varied the per 
capita transfer until the balanced budget requirement was approxi¬ 
mately satisfied. 

More precisely, we estimated the labor supply ef fects of a 1 percent 
additional tax on labor income (and associated transfers) as follows. 
Letting MTR t , ATR it and Y i stand for current marginal and average 
tax rates and labor supply, we have, using equation (1): 

Y = [f - (MTR X + .01)P](1 + (xATR-j) • F, 

* (1 - A/77tf)(l + aATRi) 

where Y 2 is labor supply with the incremental policy and A TR 2 is the 
average tax rate incorporating the additional transfers as described 
above. Equation (2) expresses labor supply with our demogrant policy 
as a function of known quantities. 


The Money Ituorne Trade-Off 

Table 6 presents our results for a marginal change in the tax-transfer 
system using a 1 percent tax on gross labor income to finance equal 
per capita transfers. For each combination of parameter values, we 
give the changes in disposable money income per household for each 
quintile. For purposes of comparison, the last row illustrates how 
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money incomes are affected it labor supply does not change at all. 
Note that this assumption of no labor supply response yields estimates 
of gains and losses that are quite far off the mark. Even for our most 
inelastic labor supply response, case E with an uncompensated elastic¬ 
ity of 0.05, the gain to the lowest two quintiles together is only half as 
large as the gain estimated when labor supply responses are ignored. 

Our primary concern here is with the marginal trade-off implied by 
a movement toward greater income equality. In a many-person 
world, however, it is not clear how to measure this trade-off most 
meaningfully. Two measures ate given in table 0, The first, in the 
next-to-Iasi column, gives the ratio of combined income losses for the 
quintiles that have their disposable incomes reduced to the combined 
income gains for the quintiles that gain. 1,1 For our benchmark case A. 
this ratio is 9.51, implying that at the margin each dollar of disposable 
income for the lower two quintiles tosts the upper three quintiles 
$9.51. (A convenient way to think of this ratio is as a measure of the 
marginal cost of changing the disposable income of lower-income 
households.) 

I his measure of the trade-off is somewhat inaccurate because the 
identities of the quintiles that gain and lose depend on the labor 
supply response. In cased, lor example, the ratio gives the loss of the 
top three quintiles relathe to the gain of the bottom two, while in case 
B it gives the loss of the top four quintiles relathe to the gain of the 
lowest quintile. An alternative way to measure the tiade-off avoids 
this problem by aggregating the change for the lop four quintiles in 
all cases and comparing this to the gain for the bottom quintile. This 
tatio is given in the last column of table (i and may be more appropri¬ 
ate if our goal is primarily to assist households in the lowest quintile. 

As will be noted, these measures of the trade-off are quite sensitive 
to the assumed labor supply response, vatying Iron) 4,20 (5.90) lot- 
case E to 26.93 for case B. One surprising finding, however, is that the 
trade-off is not very sensitive to the value of «. Note that keeping p 
constant but increasing a from 0.1 to 9.3 (cases B and C, or I) and E) 
has only a small effect on the tiade-off. We have experimented with 
values of a up to 1.0 with similar results. Increasing a—which implies 
a larger income effec t on labor supply—reduces the benefit to house¬ 
holds that gain (they earn less with a larger income effect) but also 
reduces the loss to households that lose (they earn more with a larger 
income effect), so the net effect on the tatio is theoretically indetertni- 


N'ote dial tins measure igmues miiaqumtile mlismbution. Wiiliin ,t ijumiilr. 
larger si/ed households gam more (or lose less) fiom the policy than smaller-sized 
households. 
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nate. Given our formulation, these offsetting effects approximately 
cancel out insofar as the trade-off is concerned, so the trade-off de¬ 
pends mainly on compensated labor supply elasticities. 1 his conclu¬ 
sion is quite important, particularly if recent research (Hausman 
1981) suggesting that compensated labor supply responses are much 
larger than uncompensated responses (and larger than our value lor 
case B) is supported by further work. 

Although our major emphasis is on the marginal trade-off, we have 
also considered a large change in the tax-transfer system designed to 
increase the money income of the lowest quintile as much as possible. 
(This corresponds to point C in fig. 1, with the aggregate income of 
the lowest quintile measured horizontally.) This maximin outcome, 
first proposed by Rawls (1971), presumably defines the outer limit to 
which anyone would be willing to push income redisltibutive pol¬ 
icies. 17 Although few are likely to be as egalitarian as Rawls, identify¬ 
ing how close we have already come to maximizing the income of the 
lowest quintile is of some interest. (Actually, Ravels proposed max¬ 
imizing the position of the worst-off individual, but in a world with 
considerable mobility over time it is impossible to identify this individ¬ 
ual so we have chosen to focus on the lowest quintile of households.) 

Table 7 gives the results of these simulations. For our benchmark 
case A, a supplemental tax rate of 19 percent on labor income 
financing per capita transfers maximizes the income of the lowest 
quintile, producing an increase in average income of$876 per sear 
per household, an increase of 8.1 percent. Thus, for this case, the 
current tax-transfer system has already inc reased the disposable in¬ 
come of the lowest quintile to 92.5 percent of its maximum 
Achieving an additional gain of $876 results in a loss lot tin 
quintiles that is 80 times as great. (In these simulations, tin 
quintiles lose in all five cases, so there is onb one loss.'gan 
consider.) For the other four cases, there is the expected \. 
results, though the range of variation is not as pronounced 
marginal change simulated earlier. 

Since we are here investigating a verv large discrete change- m tl: 
tax-transfer system, we believe less significance should be attached to 
these estimates than to those for a marginal change, taken at I.de¬ 
value, however, the estimates in table 7 seem to suggest that the max¬ 
imum extent to which disposable incomes in the lowest quintiles tan 
be increased is rather limited, at least when using a tax-tiansler polu \ 
of the type considered. 


• ' 1 ' out xe, 
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Welfare Trade-Off 

iis point, our measures of gains and losses have been in terms of 
iges in disposable money incomes. These measures, although of 
Se interest, are not good estimates of the changes in well-being 
juse they ignore the value of additional leisure time to house- 
flds. for the marginal change considered in table 6, we now convert 
gains and losses into estimates of the income-equivalent gains and 
sses that value leisure. As expected, this will reduce the trade-off 
^ratios since, when the value of leisure is included, the gains to lower- 
yincome households will be larger while the losses to upper-income 
(households will be smaller. Nonetheless, the ratio will still exceed 
unity because of the additional welfare cost that results from a higher 
marginal tax rate on labor income. 

Figure 3 can be used to illustrate how the marginal welfare cost 
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enters into the calculation of the income-equivalent loss to a taxpayer. 
(A symmetrical analysis applies to net transfer recipients, whose addi¬ 
tional transfers are larger than additional taxes.) The budget con¬ 
straint in the absence of any taxes and transfers is Y\', but the current 
tax-transfer system confronts the taxpayer with budget constraint 
Y\N |, so the initial equilibrium is at point ,4. An additional 1 percent 
tax on labor income combined with a lump-sum transfer shifts the 
budget constraint to K» N 2 —drawn greatly exaggerated for clarity. 
The final equilibrium is at point B, and the reduction in money in¬ 
come is shown by the distance AJ. 

The income-equivalent loss in well-being is the sum of the addi¬ 
tional tax revenue collected from the taxpayer and the additional 
welfare cost due to the added labor supply distortion from the higher 
marginal tax rate. Drawing line an through point B and parallel to YN, 
we see that the additional tax revenue is equal to AH. l'o identify the 
marginal welfare cost, we assume that a lump-sum tax is added to the 
initial tax-transfer system (}jjV|) such that the individual can just 
attain fj: this is shown by line bb, which is parallel to fjjV). This 
identifies the compensated change in labor supply from the 1 per¬ 
centage point increase in the marginal tax rale, CB, that must be used 
to calculate the marginal welfare cost. The marginal welfare cost 
equals the difference between the market valuation of this compen¬ 
sated labor supply change, DC, and the individual’s valuation of this 
quantity of leisure, EC: thus, DE is the marginal welfare cost. An 
alternative way to see this is to note that at point E the taxpayer is 
bearing a tax burden that is greater than the additional revenue (All) 
generated by the polity by the distance DE. Thus, DE is a loss in 
addition to the direct revenue cost of AH. The important point is that 
the compensated (not the actual or uncompensated) change in labor 
supply must be used to estimate the marginal welfare tost. 

In our simulations, the income-equivalent loss (or gain) was es¬ 
timated in the following way. First, the compensated change in labor 
supply is estimated by using equation (2) to calculate the labor supply 
that results when the average tax rate changes in the prescribed way 
but the marginal rate is held fixed at its initial value. (1 his is analo¬ 
gous to the shift in the budget consliaint from Y t N\ to bb in fig. 'A, 
which raises the average but not the marginal rate.) Subtracting the 
estimated labor supply under the demogrant policy from this yields 
the compensated change in labor supply. Then this change in labor 
supply is valued at the market wage rate to yield the compensated 
change in market earnings (DC in the diagram). From this figure the 
household’s valuation of the compensated labor supply change must 
be subtracted. We estimated this by using a net wage rate halfway 
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between the initial net marginal wage rate and the linal one. For 
example, if the marginal tax rate rises from 40 to 41 percent, the 
household’s value for the compensated labor supply change is 59.5 
percent of its market valuation. Finally, the marginal welfare cost 
estimates are combined with each household’s change in net lax reve¬ 
nues to determine the total loss or gain to the household. 

Fable 8 gives the results of these calculations, once again in the 
form of the average gain or loss per household in each quintile. As 
expected, in comparison to table 6 the gains to quintiles that benefit 
are larger while the losses to quintiles that are harmed are smaller. In 
the benchmark case, the income-equivalent loss to the top three quin¬ 
tiles is $3.49 per dollar of income-equivalent gain to the lowest quin¬ 
tiles, substantially less than the $9.51 trade-off rate when disposable 
money incomes alone are considered. 

We believe these estimates suggest that the cost of moving further 
toward income equality by using tax and transfer programs is much 
higher than generally recognized. As evidence on this point, consider 
the words of the late Arthur Okun, who in Equality and Effinetuy: The 
Big Tradeoff openly stated his views regarding the trade-off he would 
find acceptable. Okun likened moves to equalize incomes as transfers 
of money using a "leaky bucket ”: due to the adverse incentive effects 
the gain to recipients is less than the costs to taxpayers. Okun states 
(1975, p. 94) that he would accept a leakage of 60 percent for redis¬ 
tribution from the top 5 percent of households to the lowest 20 per¬ 
cent, but a leakage of only 15 percent for a redistribution from house¬ 
holds with incomes 30 percent above the mean to 30 percent bein'* 

In view of Okun’s expressed opinion that government si" 
pand its redistributive activities, we are safe in concluding tl 
that actual marginal leakages fell short of these values, dm ■ 
mates, however, suggest that actual marginal leakages arc lai 
Okun would have accepted. Note that Okun's concept 
corresponds to (one minus) the reciprocal of our tiade-oll i, 
example, in case A the ratio of losses to the top three quintile m ,, 
gain for the bottom two quintiles is 3.49 and means that eac h clollai oi 
cost to upper-income households only provides a benefit of 29 cents 
to low-income households, a leakage of 71 percent. Moreover, that 
should be compared to an average (pet haps weighted in some w ay) ol 
Okun’s 60 percent and 15 percent values since we consider the trade¬ 
off across all income classes and not just from the top to the Irottom 
We note that the “leakages” implied by our estimates all exceed 70 
percent, except for the first measure of the trade-off for cases I) and 
E. Even in those cases, however, the “leakage" is alxnit 56 percent, 
well in excess of the unweighted average value of 37.5 percent that 
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Okun found acceptable. In other words, given his expressed values, 
and assuming our estimates are reliable, Okun should have favored a 
reduced role for government in redistributing income. 

Or consider Arnold Harberger’s view: “While the most eminent 
minds in the economics profession would be hard put to find ways of 
effectuating quantitatively important transfers at efficiency costs of 
less than 1 percent of the amounts involved, most beginning graduate 
students could in one afternoon invent a hundred ways of bringing 
about major transfers at an efficiency cost of less than 20 percent of 
the amounts involved" (1978, p. SI 15). It seems almost certain that 
marginal welfare costs are much larger than Harberger suggests in 
this passage. 


VI. Conclusion 

Our major conclusion is that the marginal cost of less income inequal¬ 
ity is surpiisingly high even when labor supply elasticities are rela¬ 
tively low. This finding does not imply that we have necessarily gone 
beyond tite “optimal” degree of income equality ; it is just an attempt 
to identify the real trade-off involved. We do, however, hope this 
research will stimulate further attempts to investigate the relevant 
objective trade-offs that must be made to evaluate the government's 
redistributive role. 

Given the narrow focus of the present paper on the labor supple 
effects of changes in tax-transfer polities, the overall trade-oils tor 
actual policies may be greater or smaller. In addition to affecting 
labor supply, most actual redistributive polities involve other msts 
that we have ignored: administrative and compliant e costs: elite is on 
the composition of income and expenditures due to nnnow iiic.imiu 
of taxable income (the “loophole” problem); effects on famih 
composition; effects on human capital accumulation; and e 1 
consumption pattetns due to the use of in-kind transfers M 
an important assumption in our model is that the marginal t < >' 
tion has no effect cm saving. If, as seems likelv. saving is ... 
affected, then the marginal cost of reducing income mequaluv 
substantially greater than our estimates implv (Mendelsohn r<> , 
Because of these omissions from the model, our presumption is ihat 
actual policies are more distorting than our policy that affects onb the 
quantity of labor supplied; if this is so, our estimates would be lowei 
bounds to the trade-off implied by actual policies. 

On the other hand, it may be that a totally different tv pc ol pohev 
could redistribute income at a lower cost. For example, wage iale- 
subsidies or earnings subsidies (like the earned income tax credit) in.iv 
ie more efficient at the relevant margin than the type of negative 
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income tax examined. In addition, structural changes in the present 
tax-transfer system might be capable of reducing the marginal trade¬ 
off."' 

Finally, our estimates show that the magnitude of compensated 
supply elasticities has a major influence on the trade-off between 
equality and ef ficiency. Even for the relatively narrow range of com¬ 
pensated elasticities we considered, from 0.2 to 0.45, the trade-off 
showed wide variation. The importance of further empirical investi¬ 
gation of the determinants of labor supply in an effort to narrow the 
range of uncertainty is clearly underscored by this finding. 


References 

Aaron, Mem v | . and Boskin. Mu hacl | , eds The Economics oj Tuxation. Wash¬ 
ington: Brookings Inst , I OHO. 

Aaron, Henry J., and Pet liman, |osc|)li A., eds. How Taxes Affect Economic 
Behavior Washington: Brookings Inst , 1081. 

Batro, Robert j., and Sahasaknl. Ghaipal. "Measuring the Average Maiginal 
Tax Rate from the Individual Income Tax.” Wot king Paper no. 1060. 
Cambridge, Mass.: N.B.F..R , 1983. 

Batimol, William J . and Fischei, Dietiiih. “ The Output Distribution Fron¬ 
tier: Alternatives to Inrotne faxes and lransfeis for Strong Equality 
Goals.” .4 1 H. 69 (September 1979): 51 1-25. 

Bishop, John. "Latest SIME/DIMK Results.'' Mimeogiaphed. Madison: Univ. 
Wisconsin, 1980. 

Browning, Edgar K. " I he Marginal Welfare Cost of Income Redisttibutton." 
Southern Econ / 45 (July 1978): 1-17. 

Biowning, Edgar K., and Johnson, William R. The Distribution oj the Tux llut- 
ilen. Washington. Ameritan Enterprise Inst., 1979. 

CouihiI of Etonomit Atlvisers Economic Repent of the President. Washington: 
Government Printing Office. 1982. 

Dan/iget. Sheldon; Havetnan, Rohert; and Plot nit k, Robert. “How Income 
Transfer' Programs Alfe<t Wotk, Savings, and the Income Distribution: A 
Cl ideal Rev iew. " J Econ. l it 19 (Septemlver 1981): 975-1028. 

Fullerton, Don. “On the Possibility of an Inverse Relationship between lax 
Rates and Government Revenues.”/ Public Earn 19 (Ottoiler 1982): 3-22. 

Marberger, Arnold G "On the Use of Distributional Weights m Social Cost- 
Benefit Analysis.” / PE. 86, no. 2. pt. 2 (April 1978): S87-SI20. 

flausinan, Jerry. "I.alxj| Supply." In How Taxes Affect Economic Behavior, 
edited bv Henry J. Aaron and Joseph A. l’echmaii. Washington: Brookings 
Inst., 1981. 

Heckman, James J.; Kilhngsworih, Mark; and MaCuidy. Thomas E. “Empir¬ 
ical Evidence on Static 1 alxnir Supply Models: A Survey of Recent Devel¬ 
opments." In Economics of the Labour Market, edited by Zmira Hornstein. 
Joseph Grice, and Allied Webb. London: II.M. Stationery Office, 1981. 


Tor example. i filming leli.ime on govern me lit lor weakly lerlistiihuuvc polities 
six h as srxial see utily would allow the nade-ott «» be improved Our simulations have 
held constant all existing piogiams 



EQUALITY AND EFFICIENCY 203 

Keeley, Michael. Labor Supply and Public Policy: A Critical Review. New York: 
Academic Press, 1981. 

Killingsworth, Mark. “A Survey of Labor Supply Models: Theoretical Analy¬ 
sis and First-Generation Empirical Results." In Research in Labor Etonomus, 
vol, 4, edited by Ronald G. Ehrenberg. Greenwich, Conn.: JAI, 1981. 

Lampman, Robert. “Labor Supply and Social Welfare Benefits in the United 
States.” In Concept and Data Needs, Appendix Vol. I, by the National Com¬ 
mission on Employment and Unemployment Statistics. Washington: Gov¬ 
ernment Printing Office, 1981. 

MaCurdy, Thomas E. “An Intertemporal Analysis of Taxation and Work 
Disincentives.” Working Paper no. E-80-4. Stanford, Calif: Hoover Inst , 
Stanford Univ., 1980. 

Mendelsohn, Robert. “1 he Choice of Discount Rales for Public Projects’ Re¬ 
ply.” A.E.R. 73 (June 1983): 499-500. 

Mirrlees, James A. “An Exploration in the Theory ol Optimum Imorne 
T axation.” Rev Earn. Studies 38 (April 1971): 175-208. 

Moffilt, Robert, and Kehrer, Kenneth. “The El feet ol Tax and Transfer 
Programs on laibor Supply: Evidence from the Income Maintenance Ex¬ 
periments." In Reseauh in Ijibor Economics, vol. 4, edited by Ronald G. 
F.hrenberg. Greenwich, Conn.: [AI, 1981. 

Okun, Arthur M. Equality and Efficienty: The Rtf' Tradeoff. Washington: Brook¬ 
ings Inst., 1975. 

Rawls, John. A Theory of Justice. Cambridge, Mass.: Harvard Utm Press. 
1971. 

Sadka, Eltaim. “On Income Distribution. Incentive Effects and Optimal In¬ 
come Taxation." Rev. Earn. Studies 43 ( June 1976): 261-67. 

Sheshinski, Eytan. "'I he Optimal Linear Income-1 ax.” Rev Earn Studies 39 
(July 1972): 297-302. 

Stern, Nicholas H. "On the Specificalion of Models ol Optimum Income 
T axation.” J. Public Earn 6 (July/August 1976): 123-62 

L'.S. Congress, Congressional Budget Office Poverty Status of Tinnitus uiulei 
Alternative Definitions of Income. Backgiotuul Paper no 17 Washington 
Government Printing Office, 1977. 



The Effects on Output of Money Growth and 
Interest Rate Volatility in the United States 


Paul Evans 

Stanford ( 'nti'n\il\ 


In October I979, Ilu- Federal Reserve begun a policy of disinflation 
and also stopped stabilizing interest rates. Subsequently, interest 
rates betaine muth more volatile. Using a methodology advanted by 
Barro, this paper estimates what this change m policy did to output 
m the United States. The paper finds that the stagnation of the U.S. 
economy since 1979 stemmed almost as much Irom increased inter¬ 
est rate volatility as from reduced money growth. 1 he paper also 
assesses the extent to whit h me teased volatility of money growth has 
contributed to stagnation. It finds no evidence of any appreciable 
contribution. The paper concludes that stabilizing interest rates is 
ptobably sensible monetary policy. 


I. Introduction 

During the 1970s, the central banks of most industrial countries be¬ 
came preoccupied with controlling inflation. Since long-term control 
over inflation requires long-term control over the money supply, 
many of these central banks have adopted some form of monetary 
targeting. Central banks, however, have generally regarded the 
targets they have set for money growth to be long-term targets. They 
have rarely responded much to short-term fluctuations in money 
growth. To have done so, in their view, would have sharply raised 
interest rate volatility with no compensating gain in their ability to 
wage war against inflation. 1 

I wish to thank. James Heckman, Ronald McKinnon, Allan Meltzer, Tom Mayer, 
Robert Solow, Erich Streissler, Jose Vmals, and an anonymous referee for helpful 
comments. 

1 The articles in Meek (1983) detail the views of several central banks. 
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Monetarists have attacked these fluctuations in money growth, 
which they believe raise the variability of economic activity, contribute 
to uncertainty, and undermine the credibility of central banks. Be¬ 
cause the Federal Reserve was somewhat persuaded by its monetarist 
critics and since it was losing its war against inflation, it embarked in 
October 1979 on a determined policy of disinflation. 2 Under the new 
policy, the Federal Reserve would actually try to hit its monetary 
targets in the short run. It would generally not intervene in securities 
markets to stabilize interest rates, thus allowing private market forces 
to determine them. 

This change in policy has not satisfied monetarists. For example, 
Milton Friedman, in his Newsweek column of Februai y 15, I9K2, con¬ 
demned the Federal Reserve for permitting “yo-yo" movements in 
money growth. Even though he felt that monetary polity had on 
average been about right since October 1979, these short-term fluctu¬ 
ations had produced great economic instability. Moreover, the public 
had been made uncertain about whether the policy ol disinflation 
would last. Friedman continued his attack in Newsweek on August 25, 
1982. In his column, he blamed the Federal Reserve for "monetarv 
gyrations” that had “aborted" the recovery of the U.S. economy. 

Meltzer (1982) launched one of the most vehement monetarist at¬ 
tacks to date. He called the Fed’s polk y of disinflation a “failed experi¬ 
ment” because it had produced an increased short-run variance of 
money growth, which, according to Melt/er. had resulted in uncer¬ 
tainty, disrupted financial markets, kept real interest rales high, and 
contributed in large measure to the recession. 

Monetarists have not been the only economists to condemn 
Reserve polity since October 1979, At that tune, the Fedei.il 
not only began to pursue disinflation acttvelv but also allowed 
rates to become much more volatile. 1 Many nonmonetarists 1 ! 
this increased interest rate volatility has disrupted financial : 
greatly increased the risk that economic agents operating in 
markets must bear, and thus raised the risk premia in interest i.uc' 
(see, e.g., B. Friedman 1982). Consequently, the new polic v ma\ have 
depressed the economy unnecessarily. 

In this paper, I assess these two positions. 1 trv to find out whether 
money growth and interest rate volatility affect the level ol output 
Basically, I use a modification of the well-known model of Burro 
(1978, 1981). Barro’s model is essentially monetarist in character, but 

I lie ted tame to IxHieve llial ns short-run goal of interest rale sl.ibilin < unflu ud 
with its goal of long-run moneldi y control. See die armies tiy Axiliod and Siei nliglu in 
Meek (1983) 

See my 19H1 paper (or evidence (Hat sonic. Inn by no means all. ol die inc teased 
vo atiluy of interest rales has resulted fioin tile change in operating procechoes 
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my modification of it turns out to have nonmonetarist implications. I 
find no evidence that money growth volatility affects output at all. In 
contrast, interest rate volatility is an important determinant of output. 
In particular, the economy might not have stagnated since October 
1979, had interest rates remained as stable as they were before 1979. 

The plan of this paper is as follows. Section II discusses Barro’s 
model. Section III presents my measures of volatility for the interest 
rate and for unanticipated money growth. Section IV modifies Bar¬ 
ro’s model by including these volatility measures in his output equa¬ 
tion. Section V extends the sample to 1981 and then uses the es¬ 
timated model to determine why output has grown so slowly since 
1978. Section VI expresses some reservations and makes an observa¬ 
tion about the results. Finally, Section VII draws some conclusions. 

II. Barro’s Model for Output 

The starting point for my empirical analysis is Barro’s well-known 
model. Barro bases his model on the hypothesis that only unantici¬ 
pated money growth affects real variables like output or the unem¬ 
ployment rate. I his hypothesis is assoc iated with the rational expecta¬ 
tions school—Lucas, Sargent, Barro, etc.—but also is one with whit h 
many monetarists would agree. 

To implement and test this hypothesis, one must devise some 
method for separating money growth into anticipated and unantici¬ 
pated parts. Barro’s method entails fitting an equation that explains 
money growth in terms of readily observable variables—past money 
growtfi, cut rent fiscal policy (the public can tell when a wai is going 
on), and the past unemployment rate. The fitted values It out the 
regression are then the anticipated part of money growth, and the 
residuals are the unanticipated part. For example, in his 1981 book, 
Bat ro obtains 1 

A In M, ~ .098 + .41A In M , + .18A In M, + .081 FEDV, 
(.015) (.09) (.07) ' (.009) 

+ .031 In » - + l)MR„ (1) 

(.005) 

S.F. = 013, i)-W = 1.8, 

using annual L'.S. data over (he sample petiod 1911-78. The figures 
in parentheses are standard et rot s. The variables in the equation are 
t, an index of time; Af, the M 1 money supply; FEDV, the proportional 

1 Tins IS eq (14) on p. I.'il ol llano (1981). Note that the obset vattons lot 1941—16 
received only 36 percent <>( the weight of the teiiiairmig observations. 
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gap between real federal spending and its normal level; ’ U , the unem¬ 
ployment rate; and {DMR}, the residuals. Barro (1977) has 
rationalized the presence of each variable in the right-hand member 
of equation (1), so I need not do so here. 

Using the residual DMR as his measure of the unanticipated part of 
the money growth, Barro fits the output equation'’ 

In V, = 2.88 + .0829/ + I.QIDMR, + .99/Mf/?,_, 

(.03) (.0004) (.19) (.22) 

4- .081 In G, + EY„ 

(-014) 

S.E. = .014, D-W = 1.6, 

to data for the sample period 1946—78, where G is real lederal pur¬ 
chases of goods and services and {I'.Y} are the residuals from the 
equation. Since the coefficients on DMR and DMR lagged 1 sear are 
positive and statistically significant at extremely low levels. Bat t o con¬ 
cludes that unanticipated money growth strongly affects output. 
Moreover, since adding current and lagged values of anticipated 
money growth (A In M - DMR) to equation (2) does not taise ils 
explanatoty power by a statistically significant amount, Barro further 
concludes that only unanticipated money growth alfec ts output as the 
theories of Lucas (1972), Barro (1976), and Sargent (1976) among 
others would suggest. 

Germany and Srivastava (1979), Small (1979). Gordon (1980), and 
Mishkin (1982) have pointed out several problems with Bairn's 
methodology and his implementation of it.' Nevertheless, foi line* 
reasons, I shall use Barro’s methodology in this paper, first. I 
model is perhaps the most familiar simple model for outpi. 
macroeconomics literature. Second, Barro’s model is one win 


' More precisely. 1EDV, = In thHH-D*), lu hhP* - L'i In II P 
equal* nominal federal spending divided bv the GNI* deflator 
h I bis is cq. (lb) <m p. 152 of llano (1981) 1 he sequence descubed in >' 
toirvcnient for exposition, f)iit in iealit\ Bano estimated his equations sitnuhamoio * 
Simultaneous estimation is appropi laic bet ause, .is Mishkin (1982) has shown sequin 
nal estimation reduces effiueruy and luases the standard etiors of the estimated 
loefhnents 

7 In addition, Suns (1980a) has reported lesults fiom a vet tor autmegiessivc model, 
suggesting that unanlitipated money growth has hide explanatoiv |*mei in the j*om- 
Wdr peiiod oiue one includes interest rates in the model King (1982b however, has 
shown that this result is not robust to changes m spot dilation When the vaiiablrs in the 
model are differenced or when lime trends are me hided in e.wh equation of the model. 
« unamiupated money growth becomes important again Litterm.m and Weiss tl98M 
fiave found evidence that the transmission process fjetweeii nominal interest rates and 
i ou, P ul pass through real interest tales. Later in the papei. I lepoit endeiue 

I? that Kanos definition of unanticipated money growth dominates nominal interest 
£ ra,t * s mi explaining annual output movements. 
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monetarists should be comfortable. Third, many nonmonetarists be¬ 
lieve that Barro’s model has at least some validity (see, e.g., Blinder 
1980). 

While 1 wish to use Barro’s methodology, 1 do not want to use 
equations (1) and (2) as they now stand, for several changes are in 
order. For one thing, money growth has apparently behaved much 
differently since 1947 front how it behaved before then. For evidence, 
see equations (3) and (4) below, which 1 fitted to quarterly data similar 
to those used by Barro and Rush (1980): 


A In A4 = -.OOOfi - .055A In A4 ( _, + .372A In M, •> 
(.0130) (.184) (.179) 


- .236A In (W,- .407A In A), 
(.169) (.187) 


+ .0035 In 
(.0182) 


U, 


Id - 


- .0171 In 

(. 0200 ) 


+ M12FEDV , 
(. 0112 ) 

V,-* 


(3) 


(1 - «/,-*). 


+ .0045 In 
(.0242) 


U, a 

(i - v, ,i 


it 2 = .797, ST. - .01322, D-W 


2.50, 


and 

A In Af, = .00080 t- .69HA In A/,., - .081A In Af, -■> 
(.00105) (.092) (.108) 


+ .184A In Af,+ .004A In A/, + ,00582f'£DV ( 

(.096) (.080) (.00397) 


- .0020 In 
(.0047) 


U,-\ 
(1 - l/,- 


) 


+ .0114 In 
(.0049) 


U,-i ' 

(I - 


(4) 


+ .0152 In 
(.0048) 


(1 


u<-) 

- U,. s ) 


R 2 = .575, ST. - .004873, 1)-W = 1.98. 

Equation (3), which I lilted over the sample period 1941II-1946IV, 
differs markedly from equation (4), which 1 fitted over the sample 
period 19471— 19781V. For this reason, it makes no sense to lit the 
same equation to the 1941-46 observations as to the 1947-78 obser¬ 
vations. I therefore fitted the following equations, which are the best 
analogues to equation (1) that 1 could find: 
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A In M, = .0767 + .0962 FEDV, + DMR h 

(.0279) (.0266) (5a) 

1941-46, R* = .7656, S.E. = .03424, D-W = 3.32, 1 * 


and 


A In M, - .0525 + .693A In M ( 
(.0223) (.108) 


+ .0332 In 
(.0114) 


U, 


L(1 - 


+ .0600 FEDV, 
(.0163) 


— .0166 In 
(.0064) 


U/ 2 


Ld - v, 


2 ) 


(56) 
+ DMR, 


1947-78, ft z = .6896, S.E. = .01379, D-W = 2.00." 


These equations differ appreciably from equation (1). The differ¬ 
ences stem primarily from splitting the sample, although the revisions 
in nominal federal spending, the GNP deflator, and the money sup¬ 
ply do make some difference. In addition, 1 have used the civilian 
unemployment rate for U in lieu of Barro’s measure, the unemploy¬ 
ment rate of civilians plus the military. Since the two differ only 
slightly after 1946, (his change makes little difference. 

Another reason why l do not accept equations (1) and (2) is that the 
residuals in equation (2) are too serially correlated (1)-\V = 1 6). 
Moreover, the serial correlation becomes much worse when 1 replace 
Batro’s DMR with the residuals from equations (5a) and (5b). I he 
serial correlation markedly improves, however, when I include In } 
lagged 1 year in the right-hand member. 

I fitted the analogue of equation (2), obtaining 10 

In V, = 3.54 + .021 'it + 365 In K,_, + 2.152D.WA' 

(1.03) (.0067) (.194) (320) 

+ 1.1 42DMR, , + .0356 In (\, + EV,. 

(.392) (.0328) 

1947-78, R* = .9952, S.E. = .02512, D-W = 2 00 


Equation (6) differs from equation (2) in two important wavs. fust, 
equation (6) includes a lagged dependent variable but equation (2) 
does not. Output therefore undergoes persistent movements that 


y l his Durbin-Wdlson statistic docs not indicate statistiiallv significant SCI 1 .1 i concta- 
, Item because there are only 4 degrees ot freedom 

« (.how tests revealed that the coefficients ot cq. (5b) did not sun In a Mutism ails 
^significant amount over the sample period 

Chow tests revealed that the coefficients of ci| (fi) did not vats In a statistic alls 
significant amount over the sample period. 
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stem from causes oilier than unanticipated money growth. Second, 
equation (fi) implies a much larger contemporaneous ef fect for un¬ 
anticipated money growth and a somewhat smaller effect for real 
federal purchases than does equation (2). Moreover, real federal pur¬ 
chases no longer have an effect tftat is statistically significant at con¬ 
ventional levels. 

In fitting equations (5a) and (6), 1 used the full information max¬ 
imum likelihood program in I SP. As pointed out in note 6, joint 
estimation is necessary to obtain efficient estimates of the coefficients 
and consistent estimates of the standard errors. 1 have also used this 
program to estimate all equations reported below. 

Barro never intended his model to answer the questions central to 
this paper. For that reason, he did not include in his output equation 
any measures of how volatile money growth and interest rates are. In 
the next section, f develop such measures. I then modify Barro’s 
output equation by including them in it. 

III. Measures of Volatility 

If equation (5b) should he specified completely cotrectly, one cannot 
measure how changes in the volatility of unanticipated money growth 
affect output. I he reason is that this volatility would then he a con¬ 
stant—say, the standard error of equation (5b). In reality, the error 
variance of equation (5b) is probably not entirely constant. My param¬ 
eter estimates ate therefore consistent, hut not efficient. If one could 
parameterize how the error variance changed ovet time, one can 
testore efficiency and also lest whether the volatility of unanticipated 
annual growth aflects output. Unfortunately, one probably cannot. 
What I have done instead is to ignore the inefficiency of equation 
(5b), measuring the volatility of unanticipated money growth as VM, 
= ['/» X,’,o DMRj , } 1 In other words, 1 measured it as the fi-veai 
moving standard deviation of unanticipated money growth. 1 In us¬ 
ing VM as my measure of money growth volatility, I am implicitly 
assuming that, because anticipated money growth has no output ef¬ 
fects, any volatility of money growth stemming horn anticipated 
changes in money growth also has no output effects. Sti ic tly speaking, 
VM should he termed the unpredictability of money giowtli rather 
than its volatility. 

in addition to VM, I shall also consider VR, — [ Vi* ( if, - rjr|' 
where VR is the standard deviation of r,,, the monthly change in the 
AAA bond rate in month i of year I, and r, = Vii ilJiLi r,,. In what 

" 1 obtained essentially die same lesulis using 3-, 1-. arid 1-sear si.mdaid deviations 
in lieu of VM 
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follows, I shall call VR the volatility of the interest rate. 1 ' Note that 
VR includes all interest rate volatility, whether it be predictable or 
not. Sargent (1970), however, has shown that, to a first approxima¬ 
tion, changes in long-term bond rates are completely unpredictable. 
Therefore, VR also closely approximates a measure of the unpredtc t- 
abtlity ot the interest rate. 

Figures I and 2 plot these measures of volatility I he \olattlit\ ol 
unanticipated money growth averaged 1.28 percent over the petiod 
1947-81. It fell from its peak of 2.81 peicent in 1917 to 1 82 pc i. < ■ 
in 1949 and then, for the most pan, staved near that level lot \ 
of the postwar period. In particular, it has lallcn, not iiscn. s, 

Federal Reset ve adopted its new monetarv policy in Octobc . 
contrary to the views expressed by Friedman and Melt/er I ! 
years that stand out since 1919 are 1959. 1999. and 1997 w! 
was unusually low. 

Between 1947, when the Federal Reserve was still supporting bon 
ptices, and 1958, when it no longer was, interest rate volatilitv tol 
lowed a jagged, upward-sloping path. In the next b vears. this upward 
trend was reversed. Interest rate volatility was .is low in 1998-95 as it 
has ever been in the postwar period. VR then soared until 1999 


Sincily speaking, VH is longleiin mieresl rale \ol.ililics In the legiessn.ns it- 
ported in the next section, I tiietl including a measure of shot Menu inieiest late 
so alility as well as Vl< 1 tound no statistically significant csplan.itnt\ power loi tins 

variable. r 
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Dining the next 10 years. VR aveiagetl about . 10, a value comparable 
to its peak value in the 1950s. It oscillated about that average with 
eonsideiable amplitude, however. Finally, following the change in 
monetary policy in October 1979. VR shot upward. In 1980 and 1981, 
it averaged .00, which is much larger than .08, its average between 
1917 and 1978. 

IV. Modification of Barro’s Output Equation 

I hist estimated an output equation that included In VM,, In VAf, j, In 
VR,, In VR, i , and In VR, ■> as well as /, In Y, i, DMR,, DMR, t , and In 
G ,. 11 I have reported the estimated coellic ients in the first row of table 
1. Since In VR, is not statistically significant at any reasonable level and 
since it is the least significant variable, I estimated another output 
equation that excludes this variable. The second row of table 1 reports 
the coefficients obtained. Dropping In VM,, the least significant vari¬ 
able in the equation, and ieestimaiing yielded the coefficients re¬ 
ported in row 3. The coefficients in the last row come front dropping 
In VM, i, the variable with the least significant coefficient in row 3. All 
of the coefficients reported in the last row are either highly significant 
or else suggestive, and the error term appears to be serially uncoi- 


1 ' The logarithm is the natuial Ir.nisloiin |<> apply to any variable ranging over the 
open interval (0, x ). 
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related. 11 Finally, Chow tests revealed that the coefficients did not 
shift significantly over the sample period. 

The coefficients on VR seem to imply that a change in interest rate 
volatility can greatly affect output. For example, if VR should rise by 
100 percent some year (approximately what happened in 1980 and 
1981), output is reduced by 1.64 percent the next year, by 1.64 x 
1.385 - 0.49, or 1.78, percent the year after next, and by (1.64 - 
0.49)/(l - .385), or 1.87, percent ultimately. This interpretation, 
however, is probably mistaken. To see why, consider the equations 
below: 

In Y, = 3.04 4- .019 It 4- .445 In Y, . , 4- 2.395 DMR, 

(1.12) (.0074) (.221) (.228) 

+ .903/Mf/f, _, 4- .0327 In G, - .0167 In ? 

(.345) (.0386) (.0072) (7) 

4- .0083 In VR, . 2 - .0043 In VR, + EY„ 

(.0074) (.0063) 

1947-78, R 2 = .9960, S.K. = .02443, D-W = 2.05, 

and 

In VR, = -2.37 4- .0300/ 4- .738 In V7?,. , - .321 In VR, 2 4- EVR„ 
(1.08) (.0193) (.212) (.267) 

1947-78, R 2 = .5412, S.F. = .5343, lf-VV = 2.10. 

Notice that .0083/.0167 (= .497) and - .0043/.0167 (= - .257) do not 
differ much from the coefficients of In VR, i and In VR, 2 in equation 
(8). ft is therefore plausible that In VR,.), In VR, and In VR, * 
appear in equation (7) because output depends on EVR, >, last year’s 
unanticipated component of interest rate volatility. Indeed, one can¬ 
not reject this hypothesis at any reasonable significance level. Impos¬ 
ing the restriction that only the unanticipated component matteis 
yields 

In Y, = 2.81 + .0168/ 4- .494 In Y, , 4- 2.505DMR, 

(1.11) (.0073) (.220) (.332) 

4- .854 DMR, t 4- .0325 In (., - .0173 EVR, , 4- EY„ 
(.349) (.0380) (.0079) 

1947-78, R 2 = .9956, S.E. = .02448, J)-W = 2.05. 


M In calling (lit last-row coefht ierits statistic .ally significant, I am ignoiing t tie ten¬ 
dency of pretesting to raise the apparent significant e of coefficients a lime their true 
significance. None of the first Id-sample autocorrelations of the residuals is statistically 
signifitant at the .<)!> level. 
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Because In G is not statistically significant in this equation at any 
reasonable significance level, I reestimated the equation, excluding 
real federal purchases. The result is 

In Y, ~ 2.41 + .0136* + .597 In K,_, + 2.544DM/?, 

(.83) (.0050) (.142) (.438) 

(9) 

+ , - .0178 EVR,-i + EY„ 

(.307) (.0077) 

1947-78, R 2 = .9951, S.E. = .02523, D-W = 2.03. 


Every coefficient in this equation is highly significant, and the error 
term exhibits no obvious serial correlation. For future reference, 1 
also report the equations for money growth and for interest rate 
volatility that I estimated jointly with equation (9): 


A In M, = .0552 + .780A In M t l + .0392FEDV, 
(.0255) (.083) (.0151) 


+ .0300 In 
(.0134) 


V,-i 


(I ~ U,-x) 


- .0124 In 
(.0071) 


U, -2 

.(1 - t'l-i) 


( 10 ) 

+ l)MR„ 


1947-78, R- = .0022, S.K. = .01438. D-W = 2.11. 


and 


In VR, = -2.64 + .03331 + .690 In YR, , - .338 In VR, ■> + EVR,. 

(.74) (.0155) (.155) (.177) (H) 

1947-78, R 2 = .5380, S.F. = .5358, D-W = 2.00. 

Equation (9) has a substantially different interpretation from '(■ 
one that 1 tentatively gave the last row of table 1. Output ic' 
great deal to uriariluiptiled interest rate volatility. For examph 
anticipated increase of 100 percent in interest rate volatiltt\ 
next year's output by 1.78 percent. In contrast, miiuipuleil 1 h 
interest rate volatility do not affect output at all. 1 1 

Sims (1980a) has argued that interest rates are primal il\ >•. 
fects output, not unanticipated money growth. In a comet saiu.ii 
Robert Solow has suggested that 17? in table 1 and equation (7) and 
EYR in equation (9) are proxying for the le\el of interest rates. I o test 
these hypotheses, I have included in regression equations of the foi m 
(9) (urrent and past values of the annual averages of the AAA bond 
rate, (able 2 reports the test statistics for including these additional 
regressors. It also reports some critical values tor the test statistics. 


1 lie* same result hotels it cep (11) is titled in the lit si dittci etues ot its \.u tables. 1 lie 
anticipated part ol In Vli has no statistically significant explanatory poviei 
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TABLE 2 

SI AXIS I K S ton Tcstinc. Whether Interest 
Raie.s Have Direct Efeecis on Output 


Critical Values 


Lacs Inci uded 

Tex i Sta ns ncs* 

Af 

10% 

5% 

<1. 1. 2, 3 

6 13 

4 

7.78 

9.49 

0, 1,2 

4.66 

3 

6.25 

7.81 

0, 1 

2.65 

2 

4.61 

5 99 

0 

2.58 

1 

2.71 

3.84 

1, 2, 3 

5.34 

3 

6.25 

7.81 

1. 2 

3 68 

2 

4 61 

5.99 

l 

1.64 

1 

2.71 

3.84 


* In Ihirc samples. the h si suiiiim s .nc .ipp, oxtin.iirlv ihsmtsmcd .is vuth the imljc ait-il di’Kii'cs <>l frccitoin. 


Clearly, the AAA bond rate adds no statistically significant explana¬ 
tory power. Moreover, the estimated coefficients on DMR„ DMR, ... !t 
and EVR, , and their standard errors do not change much. There¬ 
fore, the annual data analyzed here validate neither Sims's nor So- 
low’s hypothesis. 

Lucas (1973) has argued that output responds more to unantici¬ 
pated money giowth, the less variable nominal shocks are and the 
more variable real shocks are. I bis hypothesis implies that the co¬ 
efficients on DMR, and DMR, i in equation (9) should be decreasing 
functions of money growth volatility and increasing functions of in¬ 
terest rate volatility. 1 *’ I have therefore fitted the analogue of equation 
(9) with the coefficients on DMR, and DMR, j replaced by variable 
coefficients of the form n„ + a i In VM, + ti 2 In VR„ where a \ < 0, > 

0, and bo -t- b\ In VAf, 4- ft 2 In VR,, where ft| < 0, ft 2 > 0. 1 found that 
one cannot reject the joint null hypothesis «| = a 2 = ftj = ft 2 — 0 at 
any reasonable significance level. One also cannot reject the null hy¬ 
potheses «| = 0, «2 — 0, ft| = 0, = 0, or any combination thereof. 1 

have therefore not altered the specification (9). 

Money growth volatility does not appear in equation (9), but un¬ 
anticipated interest rate volatility does. 17 For that reason, it seems 
plausible that the Federal Reserve should pay considerable attention 
to interest rate volatility even if doing so were to raise money growth 
volatility somewhat. 


l assume here that VII is more related to the variance of teal shotks than to the 
variance of nominal shocks. 

17 Suite Friedman and Meltzci have emphasized the volatility of money giowth over 
a shorter term than I year, I also tried measures of money growth volatilities lor let ms 
of 1, 2, 3, 4, and 6 months. None of these measures had statistically significant explana¬ 
tory power at any conventional level 
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V. Effects on Output of the October 1979 Change 
in Monetary Policy 

Thus far, I have used data only through 1978. I limited the samples to 
these data because Barro fitted his model to them and because the 
change in monetary policy in October 1979 may have altered the 
parameters of the model as Lucas, Sargent, Barro, and others might 
argue. 1 now investigate whether the model did in fact change after 
1978. First, consider the following analogues of equations (9)-(ll), 
fitted over the sample period 1947—81: 1H 

In Y , = 2.36 + .0132/ + .606 In , + 2.154DMR, 

(.78) (.0047) (.133) (.424) 

(12) 

+ .901 DMR, , - .0188LV7V , + EY„ 

(.282) (.0072) 

1947-81, R* = .9953, ST. = .02660, D-W = 2.07; 


A In M, = .0558 + .782 In M, , + .0363 1'EDV, 
(.0235) (.076) (.0144) 


+ ,0286 In 
(.0125) 


V,- 


L<1 - V, ,) 

1947-81, R i = .6957, S.K. = .01391, I)-W = 2 13; 


- .0109 In 
(.0068) 


/ f „ n 

o <•; ,,i 


(13) 
+ DMR,. 


and 


In VR, = -2.58 + .0326/ + .691 In V7t ( _, - .324 In VR, 

(.66) (.0139) (.144) (.161) 

1947-78, R 2 = .5397, S.E. = .5087, D-W - 2 01 

1 hese equations do not differ appreciably from equation-, 
thereby suggesting that the parameters changed little, if at .. 
tesiduals of equations (12) and (13) for 1979, 1980, and 1981 
much smaller than their standard errors. Consequently, equations 
(12) and ( 13 ). Flt abm,t as well in the period 1979-81 as in the period 
8. A final piece of evidence is that the dynamic forecasts tmin 
equations (12) and (13) stayed fairly dose to the actual inonev growth 
rates and output levels for 1979, 1980, and 1981. 


'"In' estimat'in a'n P r, ' fnI M '<>-<« eci.leme that eq (11) changed m li»M. 

liantic,pate inferpT , 2 d ? d .. ( . U) be,HW ' 1 assume-.) that the puhli. has ...mmue.l ... 
CdH u "A d " H aS ' hc > . dU1 in BH7 -78 lu ...he. 

Errors of €« ^ ,n csl * rnatin K C S- (H)’* l ^ e l-vcar-ahe.id pi edict ion 

H f rs 01 e< l served as ihe EVK's for 1979-82 
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OMR 

EY 

1979 

00225 

-.00461 

1980 

- .00926 

.00298 

1981 

- 00146 

.00189 

S F. 

01391 

.02660 


Since the model appears not to have changed in 1979, one can use 
equation (12) to analyze why the U.S. economy has performed so 
poorly since 1979 and to forecast what happened in 1982. According 
to equation (12), output tends to rise 1.32/( 1 - .606), or 8.35, percent 
a year if all money growth and interest rale volatility have always been 
anticipated and il all error terms { F. Y } have always been zero. Because 
these conditions have not been met, output has often departed from 
this trend line. The table below presents the percentage fall in output 
after 1978. It decomposes the departure into four components: that 
tlue to nonzero DMR's in 1979, 1980, and 1981; that due to nonzero 
EVR 's in 1979 and 1980; that tlue to nonzero residuals in 1979, 1980, 
and 1981; and that due to the initial conditions in 1979. The table 
makes it clear that output has stagnated since 1979 as much because 
interest rates have been unusually volatile as because the Federal 
Reserve’s policy of disinflation has lowered money growth below what 
the public anticipated. Moreover, since EVR was 0.48 in 1981 and 
0.85 in 1982, output was reduced by 2.47 percent in 1982 and tan be 
predicted to be reduced by 3.09 percent in 1983. 


Ycai 

DMH 


M 

luma! 

(minimum 

tnl.il 

1979 

- 62 

(Ml 

•l(» 

71 

55 

1980 

1 97 

1 H 

02 

1.18 

4 27 

1981 

2 ft 

2 VI 

20 

88 

■> 70 


Equations (12) and (13) (it the 1979-81 observations as well as they 
fit the 1917-78 observations. In contrast, the interest rate volatilities 
for 1979-82 are much higher than one would have predicted using 
equation (1-4), which 1 fitted to 1947—78 obsei vat ions. The table below 
reports the I-year-ahead prediction errots lot VR. If these prediction 


Year 

1MI 

1979 

60 

1980 

1.01 

1981 

48 

1982 

85 

Avciajic 

.74 
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errors were normally and independently distributed and had the 
same standard deviation as the 1947-78 residuals of equation (14) do, 
the odds against their averaging at least 0.74 would be more than 
300:1. 

Interest rates have become so much more volatile in large pail 
because the Federal Reserve adopted new operating procedures. 1 ' 1 
Before October 1979, the Federal Reserve pegged the federal funds 
rate within narrow bands for appreciable periods of time. Shifts in the 
private demands for or supplies of money and credit produced ac¬ 
commodating changes in nonborrowetl reserves and little change in 
market interest rates such as the AAA bond rate. Consequently, in¬ 
terest rate volatility was low. Since October 1979, the Federal Reserve 
has instead used nonborrowed reserves as its policy instrument, 
focusing its attention primarily on controlling money growth. Under 
this regime, shifts in supply or demand affect market interest rates 
appreciably because nonborrowed reserves no longer serve as a buf¬ 
fer. Consequently, interest rate volatility has become high. 

If the new operating procedures have produced increased interest 
rate volatility that the public has not anticipated, adopting the new 
operating procedures was clearly a costly error. F.venlualh, howcvci, 
one would expect that the public: will come to anticipate higher intei- 
est rate volatility if the Federal Reserve continues to use its current 
operating procedures. These costs will then be one-time, sunk costs 
that need not then concern the Federal Reserve 20 


VI. Some Reservations and an Observation 

liquations (12)—(14) are most charitably legarded as three ieduced 
forms from some structural model. I he results that I have- n i" 0 ' 
in previous sections would be more c redible had 1 denvcd tin 
a correct structural model ol the U.S. economy rathei tl. 
these estimated reduced forms. From the struct in al model, n 
have learned which decisions of what agents depend on im 
measures.' 1 As it is, l have reduced forms whose stnutui.il 
taiion is unc lear. 

1 1 Mascato .uid Melt/er (I'.IXS) also li-.uh this toiulusion I lies also .iigiu liial ilu 
new updating pnxciluies have cteated shin Met in immn giowlh volatilns anil liial 
tins money giowtli volatility together with inleiesl talc volaiilitv have i.ustd ual inki¬ 
est rates anil ilcpiesseil the ecoiumiv 

l his ilisiussion nnphiilly assumes that output .idri|iiatcl\ pioxies (m welt.ue It 
also assumes that the variante ol t.V/i iloes not dc|>end on the o|>eiatmg piiHeilnus 
chosen by the Fedetal Reserve 

L sing a measure ol interest tale volatility similar lo mine. Sian (I'.litlB mav have 
answeied pan ol this (piesiuiu. Me shows that ioi |xn alums shill toward slunt-teim 
deln as Ins measure of interest late volatility rises. 
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Of course, it takes a leap of faith to believe that one can identify a 
general-equilibrium structural model. Sims (19806) has shown that 
the restrictions employed in identification are generally incredible. 
Reduced forms may therefore provide the only reliable information 
on how the economy behaves. Nevertheless, 1 should at some point 
try to fit a structural model and then use it to assess my results. Until I 
do, 1 shall have some reservations about the conclusions that 1 draw in 
the next section. The fitting of this model, however, must await an¬ 
other paper. 

In a model with frictionless capital markets and no bond illusion, 
the monetary authorities cannot affect any allocative decision merely 
by stabilizing interest rates. In that kind of world, what matters for 
private allocative decisions, as Modigliani and Miller (1958) showed 
long agt), is various attributes of the earnings streams generated by 
actual capital assets. By speculating in some subset of the claims on 
these earnings streams, the Federal Reserve cannot affect anything 
because the resulting profits and losses of the central hank show up 
again in private earnings streams. An appropriate change in portfolio 
composition then permits every private agent to obtain exactly the 
same earnings stream it had without speculation. 

Real-world capital markets are not frictionless, and the public may 
suffer from bond illusion, at least temporarily. Furthermore, infor¬ 
mation is not costless to obtain and to evaluate. For these reasons, one 
may reasonably expect that unpredictable changes in how the Federal 
Reserve speculates in securities markets will affect private allocative 
decisions. On the other hand, the Modigliani-Miller theorem may well 
apply to predictable changes, at least approximately. Equation (12) is 
consistent with this analysis. Output, which results from private al¬ 
locative decisions, depends on the unanticipated component of inter¬ 
est rate volatility and not on the anticipated component. 

IX. Conclusions 

I have found evidence for the following conclusions: (1) Money 
growth volatility does not affect output. (2) Unanticipated interest 
rate volatility reduces output. (3) Output does not depend on antici¬ 
pated interest rate volatility, (f) The new operating procedures 
adopted by the Federal Reserve in October 1979 led to an unantici¬ 
pated increase in interest rate volatility, thereby reducing output by 
about 1 percent in 1980 and by about 2.5 percent in 1981 and 1982. 

These conclusions contradict some tenets of monetarism. 22 They 

11 My findings, however, do not challenge (he cential tenets of monetarism. In a 
private communication, Allan Meltzer has agreed with this assessment and has ex¬ 
pressed some sympathy tor the approach of the paper. 
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also clearly suggest that the new operating procedures of the Federal 
Reserve have been an unmitigated disaster. The obvious policy rec¬ 
ommendation is that the Federal Reserve should begin again to use 
the federal funds rate as its policy instrument and to make interest 
rate stability one of its policy goals. 23 
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Crime on the Court 


Robert E. McCormick and Robert D. Tollison 

('.lemon University 


This paper addresses the question. What happens to the arrest late 
when the number of law enforcers int leases? One implication of the 
analysis is that arrest statistics are a poor instrumental variable for 
judging the quality of law enforcement. Increasing the number of 
police can increase or decrease the number of arrests. An increased 
probability of arrest induces fewer criminal acts; hence the ambi¬ 
guity. Because of this result, we apply the theory in the setting of 
college basketball. We find a large reduction, HI peicenl, in the 
number of fouls committed during a basketball game when the num¬ 
ber of referees increases from two to three. Additional empirical 
evidence is presented which suggests that this elastic supply of bas¬ 
ketball crime is due to more competent officiating and cleaner plat 


I watne you wel, it is no c hildes pley. |GrormtY Cuvrc nt. 
Cunteibury Tales | 


I. Introduction 

I he economic approach to crime (Bec ker 1908, Tullock 197 1. 11.,.,, 
197S; hhrlich 1973, 1975; Becker and Latules 197 4; Becker and Sttg- 
■ ler 1974) develops the concept of a market for criminal activities. Lite 
supply of crime is a function of the costs and benefits of illegal activi¬ 
ties and individual risk preference. The demand tor crime denves 
fiont the Iree-lunch theorem—not all crime is worth preventing In 
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this paper we employ these demand and supply functions to discuss 
the impact of the number of law enforcers on the arrest rate. 

Our interest centers on the impact that a small change in the num¬ 
ber of enforcers has on the number of arrests. Does a greater number 
of policemen lead to more or fewer arrests, other things equal? 1 To 
address this question we develop a theory that models the behavior of 
enforcers and criminals simultaneously. We motivate the discussion 
of (he theory with an example from the world of sports. Our question 
in this context is, What is the impact of the addition of a third official 
in college basketball on the number of fouls called per game? Sports 
provide an economic laboratory with a history of accurate reporting 
of events. This is unlike most criminal data, which are generally held 
to be subject to various types of reporting error. We thus apply our 
theory in Section Ill by using the complete history (1954—83) of the 
Atlantic Coast Conference (ACC) basketball tournament. Employing 
data on louls per game and controlling for a variety of ceteris paribus 
conditions (players’ ability and experience, rule changes, attendance, 
and so forth), we find a statistically important negative association 
between the number of of ficials and the number of fouls called per 
game. Since this result can be due to several effects at work in our 
model, we present evidence in Section IV that the negative relation is 
due to better officiating and cleaner play. Concluding remarks are 
offered in Section V. 


II. A Theory of Law Enforcement 

In any given time period the probability that a criminal will commit a 
c time is a function of the expected costs and benefits of dime. The 
expected cost of crime is the probability of arrest and conviction times 
the fine associated with conviction; the expected benefit of crime is 
the probability of not being detected times the rewards of illegal be- 
haviot. 

Formally, 

/V = /’(/>, /•', /i), (!) 

w'here D = J — (I - P A \ ( ) A . P, is the probability of 'criminal ac tivity, 
D is the probability of detection and conviction given that a crime has 
been committed; P A \,. is the probability that any one policeman will 

1 Swimmer O l J74) addresses this piohfem m ihc context of seven different crimes 
However, as he notes, there are several problems with his data. In particular, thete are 
nonnormal errors in the reporting of ciimc statistics across cities and income groupsby 
ihc offended person, and there is also nonnormality m the errors ol police reports 

'Wiv^ t(l avoW surh P ,oble,n * h Y a PP'y ,n R our 10 1 

s<-r not svjYU'T 



CRIMF. ON THF COURT 


22 5 

make an arrest given that a crime has been committed; F is the fine; ;V 
is the number of police; and B is the benefit of criminal activity. We 
assume that P f: decreases with an increase in D, an increase in F, and a 
reduction in B. 2 

T he police can make an arrest whether or not a crime has been 
committed, and vice versa. Hence, we write 

Pa\(. = A(N) (2) 

and 

Pa*: = G(JV), (3) 

where P A \ ( . and N are defined as above and P A ,,, is the probability of a 
false arrest. The signs of and G,\ are both ambiguous. 

In the general case of N policemen, the probability of an arrest is 

Pa = 1 - P<.{\ ~ Pa*.) s - (I - /\)0 - Pa,.) s . (4) 

Inserting the behavior of the actors into ( I) yields 

P A == 1 - P(D,F,B)[\ - A(N) y v - (1 - P(l), /•', B)\\\ <;(\))-\ 

('» 

with D = 1 - [1 ~ /f(N)] v , which is a reduced-form demand and 
supply theory of criminal activity. 

We illustrate one comparative static result of the model, which ad¬ 
dresses the central theme of the paper. Namely, the derivative of (a) 
with respect to N predicts the change in the number of at rests for an 
increase in the number of police, ceteris paribus. 1 his derivative is- 

dP< 

Sfl- = ^>/>.v[( 1 - (’) s - (1 - /»)•'] + ,V/M n (I 
+ |V(1 - P)G S (\ - G) x 1 

- P\{\ - A)* In (1 - A)] 

- (\ - P)[(\ - G) s In (1 - G)l. 

.where D„ = NA„( 1 - A)* '' - [In (1 - .1)1(1 - ,1)\ 

" We cannot predict the sign of (ti). Increasing ,V increases tlx 
•»l>er of policemen who might detect a crime or make a false ,n i - 
<3ast two terms are positive), but it changes the probabiluv that . 
wifi do so (the second and third terms are ambiguous). \ fotiiori. 
-.criminal behavior adjusts to changes in the probabilitv of artest. the 


^ the individual's preference toward risk tscniu.il in mapping l). f. and H into 

our purposes, however, ihe <\e^iee ot \ isV, aversion is no\ wnivovv.uu WWvesev n w 
assume u is consvant. Moreover, we mlerprel \he hue assoeuwed wilh tVuuMaww 
w»eau an\ sanclum, mc\ud\uy; mean, or avion. 
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first term in ( 6 ). Even if we could sign the impact of N on police 
behavior—for example, that more police means better detection and 
more arrests—the response of criminals would be to commit fewer 
crimes, and the total effect iemains ambiguous.'* Even if more police 
reduces the probability that any one policeman will catch a criminal, 
the larger number of police might lead to an increased probability of 
detection as N increases. Consequently, it is not possible to say a priori 
whether more police is associated with more or fewer arrests . 1 Since 
the sign of dP^/dN cannot be determined logically, we seek an empir¬ 
ical estimate of its sign in the next section. 

III. An Application to College Basketball 

Our theory does not predict a sign for ( 6 ), that is, for what happens to 
the arrest rate when the number of police increases. To the extent 
that rules violations in basketball are analogous to criminal behavior, a 
data source is available that allows us to estimate the sign of (fi) and to 
ch aw inferences about the impact of N on A and G. We recognize that 
the typical sanction meted to a basketball player who violates the rules 
is not the same tiling as incarceration. However, many of the sanc¬ 
tions imposed for rules violations are parallel to putting someone in 
jail. For example, a player with five fouls goes out of the game. Two 
technical fouls on a coach lead to his ejection from the game. Strictly 
speaking, monetary lines are not imposed lor rules violations (al¬ 
though they are in an opportunity cost sense). Rather, possession of 
the hall or a free throw is given to the other team. There is an empn- 
ital symmetry between basketball titles violations and crime, which 
means that an estimate of equation (f>) in a basketball economy may be 
useful in predicting its sign in general. 

In 1978, an experiment began in college basketball. The number of 
officials in the Atlantic Coast Conference (ACC) was increased ftom 
two to three per game. This change allows us to estimate the impact of 


’ Indeed, the I it m and second terms in (ti) are pinbahly <»l opposite sign II l\ is 
positive, 0\ is also positive, and (lie lust term in (ti) is negative (A > (,). II lilt ic.imiU' 
the size of the police lone increases ihe individual policeman s pinhahilnv ol anesl 
(and if A > ( c iiiiini.ils respond by committing fewer < I tines. 1 he leversc is possible 
although not logically lequned. 

1 By similai aigument it is also impossible to predit I ihe imp.it t ol police t ompelentv 
cm the mnnbei of airests 1 lighly named and expelicnied pohee loices may be assoc i 
aled with low arrest statistic s. Moreover, in a profit-itiaxiiiu/iiig vetlirtg no owner would 
willingly bear the extra cost of adding an enforcer, stub as shoplifting detectives in •< 
department stole, unless ihe c rime rale would dec reave. Bui as we have jusi noted, ilns 
does not imply more arrests. Decreases in the commission of crime do not tietessunh 
reduce the arrest rate because more false arrests could be forthcoming as the number 
of police inc leases The problem is compounded in nonpiopiieiary sellings because 
crime minimization may not lie the objective function. 
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more enforcers on the arrest rate, which is the number of personal 
fouls committed by each team in a game. Our data base consists of the 
history of the ACC tournament. 5 Beginning with the 1979 tourna¬ 
ment, there were three officials assigned to each game. Prior to 1979, 
ihere were two. For most of the games we can identify the of ficials by 
name. In addition to the change in the number of officials, there have 
been other rule changes. In 1983, a 30-second shot clock and a 3- 
point shot from 19 feet were in effect. Starting in 1973, the first six 
fouls committed by either team in a half resulted in the other team 
gaining possession of the ball. Prior to 1973, a single free throw was 
taken by the fouled player. Beginning in 1963, an of fensive foul cost a 
possession; prior to 1963, a fouled defensive player was awarded a 
free throw. 

To estimate the sign of dI\/dN, we also need to control for changes 
in F and B, the costs and benefits of fouling. We estimated the num¬ 
ber of fouls called on the winning and losing team in each game as a 
function of the other team’s field goal and free throw accuracy in the 
game, FGPCT and FREEPCT; the total score of the game, SCORE; 
the year of the tournament, TIME; the dif ference in the height of the 
winning and losing team, H1TED1FF; the difference in the experi¬ 
ence of the winning and losing team measured by the number of 
lettermen, PLAYEXP; the difference in coaching experience mea¬ 
sured by the number of years as coach at the respective schools, EXP; 
attendance at the game, ATTEND; and the experience of the refer¬ 
ees as measured by the average number of ACC tournament games 
officiated by the crew, OFF EXP. SHOOT and CHARGE toiiim! 
the two rule changes discussed abuse. SHOO T is one for seal ■> 
all fouls were awarded a free throsv and zero for seals when tl. 
six fouls svere penalized by loss of possession. CHARGE is zc, 
years when an offensive foul cost the offending team possessi. 
one for years when it cost a free throw. OFFICIAL controls ! 
number of referees calling the game; it takes the salue 2 oi > 
anticipate that SCORE controls for the 1983 rule changes. An appen¬ 
dix that gives our data and information about their derivation is as ail- 
able from the authors. The data were obtained from Barrier (1981) 
and various editions of the Atlantic Coast Conference Basketball Y eat honk. 

E * K ' ACC holds Us haskclh.ill Inin nameiil <-,i<h Man h al the end of icgul.it season 
splay ('cneially (here have been eight member schools, although trout l'172 to I'.ITU 
#lieie wete only seven schools T he University of North Carolina team lint not paltict- 
3ate in the Hltil tournament because it was guilty ot a rule violation (placing an 
(ineligible player). I he teams are seeded ait outing to regular season records, and the 
•oiirnanirm is a single-elimination event This means that eight teams vic-ld a sevcn- 
Bamc' tournament and seven teams a six-game tournament The first tournament vvas 
Bor**' 1,1 ;,,, d we have data on the 1983 tournament. We ate missing data lor 

jj" ’ 1 ,ln< ^ H)ti2. and lienee we have a total c»l 201 games in our data set 
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TABLE 1 

Rk.klsmon RtsuLts—B asketball Fouls 



Parameter 

Estimate 

Standard 

F.tror 

/•Ratio 

Prob > |/| 


Number of Fouls Committed by Winner 
(/■' ratio = 14.90; R‘ = .5471) 


I NT FRCfc'P I' 

— 4,709.49 

602.680559 

-7.8142 

.0001 

I IMF 

‘2.426270 

.308124 

7.8743 

.0001 

SCORE 

104337 

.022676 

4.6012 

.0001 

FREEPCX 

-12 721683 

4.687295 

-2 7141 

.0074 

FCPCT 

- 14.601949 

8.443828 

-1.7293 

.0858 

SHOOT 

11.107082 

2.999642 

3.7031 

0003 

OFFICIAL 

- 21.059024 

2.631219 

- 8.0035 

0001 

HIT F.DIFF 

.724399 

.108193 

1.7746 

0780 

EXP 

238277 

085598 

2 7837 

.0061 

PLAYFXP 

- 398640 

247292 

-1 6120 

.1091 

OFFFXP 

- 428517 

.152126 

-2.8169 

.0055 

ATTEND 

- 000145 

.000397 

- 3652 

7155 

CHARI .E 

14 461917 3.670531 3.9400 

Number of Fouls Committed by Loser 
(F-tatto = 10 67; rt a = .4639) 

.0001 

IN I FRIT PT 

- 3,458.62 

531 447697 

-6.5079 

0001 

TIME 

1.778320 

.271717 

6.5447 

.0001 

SCORE 

124287 

.023660 

5.2531 

0001 

FRF.FPCT 

-3.950536 

5.439805 

- 7262 

.4688 

Hirer 

-22.704364 

9.475005 

- 2 3962 

0178 

SHOOT 

9 922577 

2.620516 

3 7865 

0002 

OFFICIAL 

- 13.784749 

2 332086 

-5.9109 

.0001 

HIT F.DIFF 

-.138335 

358248 

- ,3861 

6999 

tXP 

124235 

075083 

1 6546 

1001 

PLAYFXP 

-.145511 

21453.3 

- .6783 

4987 

OFFFXP 

- 280478 

134300 

-2.0884 

.0385 

A l l FNI) 

.000232 

000353 

.6577 

.5)18 

CHARGE 

9.881283 

3.360302 

2 9406 

.0038 


The results of estimating this model by ordinary least squares are 
reported in table 1. In both the winner’s and the loser’s equation, 
OFFICIAL has a negative and statistically significant coefficient. 0 T he 
magnitude of the coefficient suggests that adding the third official 
reduced the number of fouls called per game by about 17. Over the 

*’ We estimated the winner’s and the loser’s foul equation by the method ot seemingly 
unrelated regressions. Hie results are comparable to those reported in table 1. Deleting 
the experience variables or ATI END does not alter the results We tested lor equality 
o( the OFFICIAL coefficients across the winner’s and loser’s equation in each of these 
specifications. In every case the impact of the third official is larger (more negative) on 
the winner than the loser. In the specification in Lahle 1 the /^-statistic is 4.28, which is 
signifuanl at the 5 percent level. In the other two spec ifications, deleting the experience 
variables and deleting the experience variables plus ATTEND, the test suggests 
equality 
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whole period, 1954-83, there were on average 52.2 fouls called per 
game. Hence, the effect of adding the third official was substantial—a 
50 percent increase in the number of enforcers was associated with a 
34 percent reduction in the number of arrests. 

The other results in table 1 are consistent with rational behavior on 
the part of the participants. 1'he time trend has been to increase the 
number of fouls called by about two per game per year. SCORE, as a 
proxy for speed and action on the court, is positively associated with 
more fouls per game; more action begets more fouls although the 
direction of effect could be the opposite. Each 10 points scored is 
associated with about one more foul. The Itetter either team shoots, as 
proxied by FREEPCT and FGPCT, the less it is fouled. On average a 
1 percentage point increase in free throw accuracy by one team is 
associated with about eight fewer fouls per game by the opponent. 
The greater the difference between the heights of the two teams, the 
more fouls per game. The more disparate is the experience of the two 
coaches in a given game, the more fouls are called. The opposite is 
true for players’ experience. Referees’ experience has a negative and 
significant coefficient. Attendance is a proxy for the importance of 
the outcome of the game. 7 The two rule changes, SHOOT and 
CHARGE, both have strong jxtsitive signs of about the same mag¬ 
nitude. This is interpreted to mean that players and coaches would 
rather give their opponents a free throw than possession of the ball.* 

IV. Two versus Three Officials 

The negative relationship between arrests and the number ot 
cers in the case of basketball can be due to two things. More u 1 
are associated with either fewer false arrests, fewer criminal u< • 
both. If the probability of a false arrest decreases with X, it n 
that the probability of a good arrest increases. Although n > 
logically required that these two ef fects be of opposite sign, iiuuiiuw 
suggests they are as an empirical matter. In addition, it the probability 
of arrest increases with the number of police, we expert that the 
probability of detection also increases. Consequently, we contend that 
the response of criminals to an increase in X will be to commit fewer 

7 Attendance is a |xx>r proxy lor the importance ol the game lor at least two reasons 
We do not know ticket pi ices, and we cannot mea.su i c the extent of die television 
audience or revenues. Face value of tournament tickets is not \en relevant since the 
schools employ two-part pricing schemes to allot ate tournament tickets We wcie nn- 
dbje to obtain a time series ol these pi King schemes bv schools 

We tried several other control variables. These include whether ihcic was .in cm t- 
ll,nc » die halftime score, the difference in the final score, the difference in the halltime 
^ure, and the total number of field goals attempted per game None ot these variables 
dle statistically impoitam, nor did (licit inclusion affect the otliei lesults. 
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crimes. Therefore, if the number of false arrests decreases with N, the 
negative sign on (6) must be due to two things—fewer false arrests 
and less crime committed. On the other hand, if the evidence indi¬ 
cates that the number of false arrests increases with J V, the negative 
relationship must he due to fewer good arrests, a negative marginal 
product for the third official, or more referee shirking. 

Upsets 

Quantifying the number of false arrests is not an easy task. There¬ 
fore, we first attempt to sign G v indirectly by examining the time 
series of upsets in ACC tournament competition. We argue that the 
fewer mistakes made by officials, the more likely die better team will 
win the game. Specifically, official error (Type I or Type II) increases 
the variance of the outcome of the game and decreases the probability 
that the better team will win. Assume that the number of officials is 
mean preserving with respect to the scoring of each team but that 
official error increases the variance of each team’s scoring. It follows 
that the mass of probability that the expected loser will win must 
increase. We define an upset as a tournament game in which a lower- 
seeded team defeats a higher-seeded team. Tournament seeds are 
based on regular season records against conference opponents. If the 
quality of officiating increases with N, going front two to three 
officials reduces the number of upsets, and vice versa. 

Consider the following model. The probability of an upset is a 
f unction of the costs and benefits of winning, the technical abilities of 
the teams, and hick. For example, young teams (in our data teams 
with few lettermen) may acquire relatively more basketball capital 
over a season than old teams. This implies that a young team will lose 
relatively more of its early conference games and enter the tourna¬ 
ment with a low seed. By the end of the season the difference between 
the abilities of the old and the young team will have decreased. This 
will increase the probability of an upset, ceteris paribus. A similar 
human capital argument can be advanced for coaches. PI.AYEXP 
and EXP control for the difference in player and coaching experi¬ 
ence. To control for changes in the costs and benefits of winning, we 
also entered TIME, SCORE, SHOOT, and CHARGE. Finally, we 
included a variable, NCAA, which controls for changes in the rules 
for advancing to postseason play. Prior to 1975, only the winner of 
the ACC tournament advanced to the National Collegiate Athletic 
Association tournament. From 1975 to 1979, the tournament winner 
and one other team could advance. Since 1980, 4,25 teams have ad¬ 
vanced on average. These rule changes reduce the incentive of the 
top-seeded teams to win the tournament; they are already assured a 
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TABLE 2 

Regression Coefficients—Upsei Model 


a 3 i 


OLS Es'iimaies (F-Ratio = 3 35, ft 2 = .1310) 



Parameter 

Estimate 

Standard 

Error 

(-Ratio 

Pi oh > Id 

INTERCEPT 

-23 566823 

27.882899 

- 8452 

3991 

TIME 

.012449 

.014161 

8790 

.3806 

SCORE 

- 000456 

001149 

- 3975 

6915 

FXP 

-.011492 

004219 

-2.7236 

.0071 

PI.AYF.XP 

- .037984 

011627 

-3 2670 

0013 

SHOOT 

.032936 

141496 

2328 

8162 

CHARGE 

195689 

.157978 

1 2387 

2171 

OFFICIAL 

-.355691 

.192095 

- 1 8516 

0657 

NCAA 

083083 

076524 

1.0857 

2791 

Logistic. Regression Esiimaies (MODEL x J 

= 24 50, itf = 

8) 


Parameter 

Standard 

x 2 



Estimate 

Error 

Statistic 

Prob > X s 

INPERCEPT 

- 130 31612147 

166 51167003 

61 

4338 

TIME 

06808087 

08443313 

65 

.4201 

SCORE 

- 00235112 

00658561 

13 

7211 

EXP 

-.06130248 

02484204 

6.09 

.0136 

PLAYEXP 

.21896673 

07135558 

9.42 

0022 

SHOOT 

42417153 

86915017 

24 

6255 

CHARGE 

1 04057746 

94075572 

1 22 

2687 

OFFICIAL 

-2 81048966 

1 07979328 

2 80 

0943 

NCAA 

.76186641 

.67016956 

1 30 

2537 

place in the 
mance. 

NCAA tournament 1) 

used on I heir 

regular season p< 


We report ordinary least squares and logistic regressions ■ 
upset model in table 2, including OFFICIAL. 1 he change fim 
to three officials is associated with a reduced probability ot upset 
die result is statistically significant at the 10 percent level.' 1 We e 
pret this result to mean that the quality of officiating increased with 
die advent of three officials. That is. three officials reduced the \.m- 
ance in the outcome of tournament games, which implies dial die 
quality of officiating increased with three* referees. In turn this sug- 


1 he other results in the upset model ate consistent w 11 1 1 economic Ik lt.estot Ecu 
us, tuple, the NCAA rule changes dctTcascd the incentive ot top-seeded teams to will 
I >e toutname til. Alternative specifications, e g., deleting chauges m tlie tedes ot plas ot 
tunneling the expciieiue ot olhcials, do not ailed the tesolts It mas Ik* tine that 
c i et elites in player and roach expel icncc and ability do not pel let lit council lot the 
'■xpectetl closeness of the game. For example, n would tx' nice to have Ixiuiig odds ot 
some other measure of pregame point spieads, hut we were unable to locate such data 
tor our time series. 
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gests that the negative sign of 3P A /dN is due to fewer false arrests and 
reduced fouling. 10 


Crime and Output 

Transfers, including transfers due to crime, are associated with redis¬ 
tributive competition. Individuals compete to capture transfers and to 
resist having their wealth taken away. In other words, real resources 
are consumed in the transfer process. What is the implication of this 
argument for crime and output? As Tullock (1967, p. 231) says, “A 
successful bank robbery will inspire potential thieves to greater ef¬ 
forts, lead to the installation of improved protective equipment in 
other banks, and perhaps result in the hiring of additional police¬ 
men." This means that economies with high crime rates will be associ¬ 
ated with low real production, ceteris paribus. 

In basketball terms, Tullock’s point can be put this way. Fouling but 
not being caught in the act will induce players to foul and to practice 
avoiding fouls or techniques to draw the attention of officials when 
they are fouled, and may lead to the addition of more referees. Such 
behavior reduces scoring because spending time in this way decreases 
a player’s ability to perform other basketball feats such as scoring. For 
this reason we argue that expected errors in officiating induce players 
to learn and perform skills that reduce scoring. We can use this argu¬ 
ment to estimate the signs of fi.v and A. v . If the addition of the third 
official is associated with more scoring on the basketball court, we 
have another piece of evidence that three officials led to a lower crime 
tate in terms of the number of fouls actually committed during a 
game. If three officials are associated with less scoring output, we 
would infer that the basketball crime rate actually rose in the three- 


This result equates with the teasons given lor the move to three referees by 
basketball inlelfei dials. For example, Professor Edward Stem of Springfield College. 
Sec letai y-Fditor ot .VC.7t.-t BmkeihaU Itulcs. made such a tase for three officials in a 
phone conversation with us For an imtoduetioti to die art of officiating, including a 
technical discussion of two vs. three olht ials, see Bunn (1968. pp. 177-217). Alterna¬ 
tive explanations for the move to the third olhcial include attempts to itnpiove the 
enforcement of rules other than fouling and the potential for wealth redistribution 
The wealth redistribution argument will not stand empirical seiutuiy on scveial 
grounds. The regular season anti tournament winning percentages across schools dui- 
ing the two and three official era appear to be normally distributed. In addition, only 
two schools votctl against the change to thtce of fu ials. Finally, given that spirts is an 
income-inelastic good in the quality dimension, we expect sports cntiepreneurs to add 
officials and other monitoring technology over time as a means of reducing official 
error and nonproductive behavior by players. We note that during the drafting of the 
final version of this paper, the United States Football League announced that it will 
employ instant replays to reduce officials' errors in the 1984 season. 
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official era. A positive association between officials and output would 
imply that the crime rate declined. 

In a purely technical sense, output on a basketball court is the score 
of each team. This does not mean that the economic output of a 
basketball game is the score. Winning the game may be paramount to 
the fans. As a wise coach once observed, an ugly win is better than a 
pretty loss. Nonetheless, we believe that economic output and techni¬ 
cal output are monotone transformations of each other. 11 

We can estimate the impact of more officials on scoring output in a 
basketball economy. Consider the following model of the winner’s 
and the loser's score. T1MF. controls for trend. SHOOT and 
CHARGE control for rule changes. HITKDIFF, 1‘I.AYF.XP, and EXP 
control for differences in players’ and coaches’ ability and experience 
across the two teams in a given game. FREEPCT and FCPCT control 
for game-specific performance of playets. FOULS represents a fonn 
of victim compensation for detected crime. The more a team is 
fouled, the more victim compensation it receives in the form of pos¬ 
session of the ball or f ree throws and the higher its score on average. 
OFFICIAL is used to determine whether there is more or less real 
output with more police. 

Table 3 reports ordinary least squares estimates of the model. The 
results are not sensitive to model specification. 12 I he coeffic ient on 
OFFICIAL is positive in both equations, but it is only statistically 
significant in the winner’s equation. There is therefore some reason to 
believe that three officials ate associated with increased scoring out¬ 
put on the court. Further evidence on this point can be gained hom 
the results on officials’ experience. The coefficient on this satiable is 
positive and significant in both equations. More experienced nlfu uK 
are associated with higher scores, presumable because the\ call 
ter game. More referee learning means better refereeing, belt- 
ereeing means fewer fouls committed, and fewer fouls com: 
means more real output. This is additional evidence that more I • 
ball officials reduces the number of fouls committed and the m 
of bad calls. 


11 One casual piece of evidence to support this contention is ihe pievalemc <>1 •shot 
flocks in professional basketball. Wc also obscivc the emeigenic of .1 shot t lot k in 
college basketball as the scoring in games declined due in ihc increasing mimliri of 
teams that rescued to stail-likc play on offense Viewed in tins wav. •slowdown basket - 
ball, such as the foul corners, is simply ail exlteme investment of basketball talent m a 
wasteful way. 

Wc also estimated the output model and the foul model simuhancoiislv whcie cat h 
team’s score and fouls are endogenous using the method of thiee-siage least scpi.ites 
I he estimates were not substantially difleieni fiom theoidmaiv least scpiaies estimates 
tepoitcd in tables 1 and 3. 
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I AULF. 3 

Regression Count ients: Output Model 




Parameter 

Standard 




Estimate 

Error 

/-Ratio Prob > |/| 


Winner's Store (/•'-ratio = 11.63; R 1 = .4853) 


INTERCEPT 

3,010.916 

1.023.48 

2 9418 

.0038 

TIME 

- 1 540839 

.524111 

- 2.9399 

.0038 

OPPONENT'S FOULS 

.713351 

. 130790 

5.4542 

.0001 

CHARGE 

.610939 

5.984444 

1021 

.9188 

SHOOT 

- 10.106034 

4 648230 

-2 1742 

.0313 

OFFICIAL 

7 286445 

4.485530 

1.6244 

1064 

H1TF.DIFF 

1.027700 

.619922 

1.6578 

0995 

FXP 

037159 

132085 

.2813 

.7789 

PLAYEXP 

205872 

371958 

.5535 

.5808 

AT 1ENH 

- 000745 

.000607 

- 1 2263 

2221 

OFFF.XP 

539729 

231331 

2.3331 

.0210 

FKEEPCT 

22.587973 

9 298198 

2.4293 

0163 

Ft; PUT 

126 528813 

13 920502 

9 0894 

0001 


Loser's Store (/•-ulio = 4 64, R ' = 2734) 


IN 1 FRCFPT 

2,569.971 

1,095 331 

2.3463 

0203 

TIME 

1 293030 

.561771 

-2.3017 

.0227 

OPPONEN TS KOl'i S 

.524618 

120858 

4 3408 

0001 

CHARGE 

- 1.912368 

6038176 

- 3167 

7519 

SHOOT 

- 14 397993 

4 787349 

-3,0075 

.0031 

OFFICIAL 

2.023766 

4.921747 

4112 

6815 

HIT FUIFF 

- 397539 

648689 

- 6128 

5409 

EXP 

- 137062 

138543 

9893 

324 1 

PLAYEXP 

.222621 

392002 

- 5679 

5710 

ATTFN’l) 

- 000392 

.000625 

- 6270 

.5316 

OFFF.XP 

105802 

242835 

16711 

0968 

FREEPG1 

22.8061 12 

7 402350 

3 0809 

0025 

FGPGT 

45 123960 

13 307591 

3 3908 

.0009 


V. Conclusion 

We present a model of irimina! and police behavior where the behav¬ 
ior of each is endogenous. One important result of the model is that 
the arrest rate may lie a misleading statistic when attempting to evalu¬ 
ate the quality and quantity of law enforcement. The mass of the 
sports evidence suggests that increasing the size of the police force 
reduces the arrest rate and increases the quality of law enforcement. 
No policy implications follow from this result, however. Increasing 
the size of the police force is not free, and we are not prepared to 
argue that such changes would be cost effective in practice. We tan 
note, however, that the supply of crime in our data is relatively elastic. 
We find that a 50 percent increase in the number of officials is associ¬ 
ated with a 34 percent reduction in arrests. Our other evidence sug- 
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gests that the crime rate went down even more than this. We find that 
referee competency went up with the move to three officials and that 
the number of fouls called went down. So the crime rate must have 
decreased by more than 3d percent. This implies an elastic response 
by criminals to changes in the probability of being arrested. 
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Previous atithots who have considered partially nonexcludable 
goods have ciaimed that an increase in copyright protet lion will have 
the following two effects on social welfaie. First, it will decrease the 
so< ial welfare loss due to underproduction. Second, it will increase 
the social welfaie loss due to underutilization. In this paper we inves¬ 
tigate these claims in a formal setting by analyzing a model in which 
consumers vary only in terms of their costs ol obtaining a reproduc¬ 
tion. Our analysis provides partial suppoit to the first claim of these 
previous authots while giving little 01 no support to the second 
claim 


1'here are many commodities other than public goods that are charac¬ 
terized by aspects of nonexcludabilily. For example, any recording is 
partially nonexcludable if copies of the recording can be made by 
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individuals other than the original producer. 1 2 In this paper we look at 
markets of this type, paying special attention to the effects of copy¬ 
right protection. 

Consider, for instance, the production and marketing of a com¬ 
puter software package in the form of computer disks. Given that ihe 
technology for copying computer disks is available to the public, some 
agents will be able to get access to the software package without pay¬ 
ing the producing agent. This potential for free riding implies that 
the quality of the package provided via the market will be below the 
socially optimal quality. This is what has come to be known in the 
literature as the social welfare loss due to underproduction. This loss 
is analogous to the loss that occurs in the classic public goods case (see, 
e.g., Samuelson 1954). Unlike free riding in the case of a pure public 
good, however, free riding here entails the expenditure of resources 
to gain access to the software package (e.g., one has to borrow the 
package from some other agent, gain access to the copying technol¬ 
ogy, and purchase blank disks). T his, combined with the fact that the 
producer’s price will typically exceed his marginal cost of production 
because of the market power he possesses, leads to a second social 
welfare loss that is known as the social welfare loss due ter underutili¬ 
zation. This social welfare loss has two components. The first is the 
loss due to consumers who would be willing to pav the marginal cost 
of production but who do not consume the good. I he second is the 
loss due to consumers who expend more real resources in topsing 
than would be incurred by the producer if these consumets pm- 
chased the software package from the producer. 

Economists who have previously considered this t\; 
have claimed that an increase in copyright protection 
following two effects on social welfare. First, it will dec 1 < 
welfare loss due to underproduction. Second, it w ill mi i • 
welfare loss due to underutilization.' In this paper v 


1 Wc can piovide a piocisc clc-hnmoii foe our icim "paiii.il nunc \. 1 1 n 1 . 
coiUiasling il with ihe concept of pirn* nonexe Ludahthiv Put e nonexe iudahihtv <hhh\ 
when one individual < annul gel a< t ess io.i< omniodil v v% it In nil cvei \ olhei individual in 
ihe economy gelling lice access to the commodity. Partial nonexe ludabihiv chcuis 
when the situation deviates from the preceding in one oi more* ol the following wavs 
(I) When one individual gels access lo a commodity only a segment of ihe km of the 
population gels access to that commodity. (‘2) When one individual gels aw ess to a 
commodity other individuals are only attended access to the tommodiiv at some cost. 
(3) When one individual gets access toa commodity other individuals are only atfoidrd 
access to a related commodity 

2 Note that, although we emphasize copyright protection, our lesnlts hold for am 
government policy that tends to limit nonexe Iudahihtv. One example ot smh a non 
copyright hairier is a tax placed on equipment consume!\ utilize to make irpmdm- 
tions, a proposal currently being debated in the l’ S. Congress 

^ See Hirshleifer and Rile> (1979) fen a clear statement of these claims, and Allow 
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these claims in a formal setting by analyzing a model in which con¬ 
sumers dif fer only in terms of their costs of obtaining a reproduction. 
We first demonstrate that, given a restriction on the distribution of 
reproduction costs in the population, an increase in copyright protec¬ 
tion does indeed decrease the social welfare loss due to underproduc¬ 
tion. However, we then show through the analysis of a specific ex¬ 
ample that, when this restriction is not satisfied, an increase in 
copyright protection can actually lead to an increase in the social 
welfare loss due to underproduction. Finally, in contrast to the partial 
support we give to the first claim of previous authors, we provide little 
or no support for the second. That is, we derive a proposition more 
consistent with the social welfare loss due to underutilization decreas¬ 
ing, rather than increasing, when copyright protection is increased. 
The reason our results on this aspect of the issue so strongly con¬ 
tradict the claims of previous authors is that our consumers do not 
vary in terms of their valuations of the partially nonexcludable good. 
We conjecture, however, that even in a world where consumers differ 
in this way, it would still be the case that an increase in copyright 
protection could lead to a decrease in the social welfare loss due to 
underutilization. 

The outline for this paper is as follows. Section 1 sets forth a model 
of an economy containing a partially nonexcludable good. Sections 11 
and III analyze this model, paying special attention to the social wel¬ 
fare consequences of the government varying the extent of copyright 
protection. Section IV presents some concluding remarks. 

I. The Model 

We consider a market wherein a partially nonexcludable good, de¬ 
noted good A/, is produced by a monopolist. M is indivisible — in 
particular, each individual will consume either zero units or one unit 
of A 1. Equation (1) describes the monopolist’s total costs, denoted 
TC(x, (J), of producing x units of Af of quality (): 

TC(x, Q) = F(Q) + ex, (I) 

where F(Q) denotes the fixed costs of production, and where cx de¬ 
notes the variable costs of production. The function /■'((£) is also as¬ 
sumed to satisfy the following restrictions: /•'(()) = 0, F'(-) > 0, and 
F'(r.) = -x. 

Individuals derive a return from the consumption of M that de¬ 
pends on the quality of the unit consumed, where the quality of the 


(1962) lor .1 re Li led discussion See also IMoman and Hamilton (l ( JH0) lor a discussion 
by noneconomists in which similar claims die made. 
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unit consumed by individual i is denoted £),. There are two ways that a 
consumer can acquire a unit of M. The first method is for the con¬ 
sumer to purchase M directly from the monopolist. The second 
method is for the consumer to borrow a unit from some other agent 
who has in one way or another acquired it and then make a reproduc¬ 
tion. We refer to the monopolist as the primary source for obtaining 
M and to agents who lend out M as secondary sources. Agents who 
lend out units of M incur no costs in the lending process. If consumer 
i acquires a unit of M by borrowing a unit from a secondary source 
and copying it—a process we will refer to as going through the sec¬ 
ondary market—then he incurs reproduction costs r + z,( 1 + //), 
where // denotes the extent of copyright protection.' One interpreta¬ 
tion for the term z t (l + //) is that it is the cost the consumer incurs, 
which is due to the time he expends in making a reproduction. Note 
that the specification above ensures that the marginal cost of produc¬ 
tion for the monopolist is less than any consumer’s private cost for 
reproducing the monopolist’s output. That is, to produce an extra 
unit of output the monopolist incuts a cost r. while to make a repro¬ 
duction each consumer / incurs a cost c f z,(I + //). 

The following profit function, which incorporates the propel ties 
just discussed, is adopted: 1 ’ 

II, = *'(£, ~ e r <2) 

In specifying (2) we have assumed that each consumer has the same 
valuation for quality, denoted i*. Additionally, e, denotes the costs 
individual i incurs in acquiring good M. Note also that il individual t 
does not consume a unit of Af, (), = 0. 

As stated previously, we assume that individuals differ in r< •< 
their costs of obtaining a reproduction. In terms of mu 
means that the z,’s are not constant across individuals. K 
distributed between the extreme values 0 and Z, when • 
lion is described by a density hint lion g(-) that is toniim.. 
entiahle and non/ero in the specified interval. We also 
each consumer t’s value lor z is unobservable to eveivoin 
and that there exists a Q sueli that /'fy , (:'Q - r)fr(z,)rh, / c (4 
last restriction guaiantees that the monopolist alwavs has an incentive 
to ptoduce. 

1 Alternative wavs to tiuoipotate pi outturn would Ik to have the costs »»i 

going through the sec on dai\ tn.n kcl equal either i +■ z, t- // oi if + ; )(I H > U «■ 
have analyzed the model tmdei these alternative spec ifn atious and It mud that die 
tesults do not change signtluantlv. 

’ A seemingly more general specification dian the one employed in (2) would lx* t*» 
have the return derived I tom cite consumption of M Ik* a ^eneial tone non ;((>i In 
actuality, liowevei. this yields little additional ^eneiahtv Mine it would alwavs lx* jxtssi 
hie to rescale the quality variable to vicld the lineal hum used m this papri 
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We will end this section by deriving a pair of equations that charac¬ 
terize the socially optimal quality of M. To do this we assume for the 
moment that the technology for producing M is in the hands of a 
social-welfare-maximizing government, which produces the good and 
makes units of the good available to consumers at marginal cost. 
(Note: This government is assumed to finance any expenditures 
through lump-sum taxes.) We also assume that the government’s so¬ 
cial welfare function is simply the sum of the profits of all the individ¬ 
uals in the economy. Thus, the socially optimal quality of M, denoted 
()*, is defined by equation (3) 

Q* = arg max ( (uQ - r)g(z,)r/z, - F((l). (3) 

y Jo 

file maximization problem in (3), in turn, yields the following first- 
order condition: 

l vg(z,)<U, - F'(Q) = 0. (4) 


II. The Social Welfare Loss Due to Underproduction 

Before proceeding to analyze the social welfare loss due to underpro¬ 
duction, a number of points need to be made. First, the monopolist 
will only offer a single quality of M for sale, l his is a consequence of 
each consumer having the same valuation for quality. T hat is, there is 
no opportunity for the monopolist to price discriminate by of fering a 
variety of qualities, because all consumers purchasing from the mo¬ 
nopolist have the same valuation for quality. 7 Second, because second¬ 
ary sources incur no costs in the lending process, in equilibrium they 
will lend the same quality good the monopolist is selling, but at no 
charge to the borrower. T his last point tells us which consumers will 
prefer to borrow rather than purchase. A consumer will prefer to 
borrow rather than purchase when his costs of acquiring the good 
through the secondary market are less than the price being charged 
by the monopolist, denoted P. Given that secondary sources lend the 
good at no charge, this implies that consumer i will prefer to borrow 
rather than purchase when r + z,(i + //) < P, or z, < (P — c)/( 1 + 
U). 

In the previous section we derived a pair of equations that charac- 


'* I his is a cojiec l method of linchng iJit' socially optimal quality of AI bi*< ,msc in 0111 
equilihimm all individuals, through either the pi unary market or the secondaiy mar¬ 
ket, acquire a unit of M. 

7 A formal proof of this point is available from the authors upon request. 
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terize the socially optimal quality of Af. We will now compare that 
quality with the quality actually produced by the monopolist. 

Proposition 1 : Q M (H) < Q* for ail //, where Q Af (//) denotes the 
quality of Af produced by the monopolist. 

Proof: In choosing a (P, Q) pair, the monopolist has to take into 
account the following two facts. First, no consumer would be willing 
to pay for M an amount greater than his valuation of Af; that is, uQ 
must exceed or equal P. Second, each consumer for whom t, < (P - 
c)/(l + //) will prefer to go through the secondary market rather than 
purchase from the monopolist. Together these two facts imply that 
the monopolist's maximization problem is the following: 

max [ (/’ - c)fr(z,)th, - PIQ). (5) 

/■.y )(!• -,)/(! -//) ^ 


subject to s P. It is easy to demonstrate that the constt aim vQ 3= P 
must hold as an equality. 'Therefore, f> AI (//) is defined In the follow¬ 
ing equation: 


Q m (/I) = arg max 


s<y "> 


(v() - <>g(z,)'U, - 1-(Q), 


Oi) 


where S(Q, //) = (cQ-c)/(l + //). The maximization problem in (b). 
in turn, yields the following first-order condition: 


s (Q./n 


vg(z,)(lz, - t>(l + II) '(rQ - i )g[.S'((J. //)! /■ '((>) = i). (7) 


A comparison of (4) and (7) yields Q''(Il) ^ ()* for all // Ftml 1 
more, combining this with equations (3) and ((>) Yields th 
and (9) hold for all II: 

(7. 

[i<t‘(H) - c |g(:,)c/:, - rm"(ii) 1 


< 


(vQ* - c)g(z,p/z, - l'«l *). 


f 1 - <ig(z,)</z, - /•l(f w (//)l 

J.s|y''<//).//1 

> [ (cQ* - c)g(z,)</z, - /'<C>^)- 

Jsiy-.//) 


(9) 


Equations (8) and (9), in turn, imply that (10) holds lot all //. 


siy' , (//).//| 


•viy*.//i 

t-Q A, (//) - c]g(z,)c/z, < J o (cQ 


c)g(z,)f/:,. (10) 


Finally, (10) yields £) A, (//) < Q* for all //. Q.E.U. 
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Proposition 1 demonstrates that there is always a social welfare loss 
due to underproduction. 8 Our next step is to investigate how a change 
in H affects this social welfare loss. 

Proposition 2: If #'(z,) 2= 0 for all 0 < z, < Z, then > 

Q a '(//i) for any // ( , //•_> pair, where H 2 > H\. 

Proof: Consider an H\, H 2 pair, where II> > fi\. Equation (6) 
yields both (II) and (12): 


/ 


x-Q A, (//|) - c\g(z,)dz, - F[Q m (Hi )) 


f [wQ a, (//*) - c]g(z,)dz, - FIQ a, (// 2 )]. 

Jy|<>«<//.) //,| 

■7. 

[t<J A, (// 2 ) - c]g( z ,)c/z, - Fl(> A '(// 2 )] 
f [i-Q A '(//,) - r]g( Z ,)c/ Z , - F[Q A '(//,)1. 


(ID 


( 12 ) 


Equations (11) and (12), in turn, yield equation (13): 

( vQ"(Hi) - c\g(z,)dz, 




2 ) 




03) 


furthermore, gi\en out restriction on the density function g(-), (13) 
implies <2 a '(/A>) ^ Q a '(//,). 

Now, given the result above, = Q*'(H i) can only occur if at 

// i the partial derivative of the left-hand side of (7) with respect to II is 
equal to zero, faking this detivative, setting it equal to /.ero, and 
rearranging yields 

2g{S[(>"(Ili), //,]} = -.S[Q A, (// 1 ),//,]g'{.S[Q A '(// 1 ), Hi]}. (11) 

Equation (14) violates our restriction on g(-). Q.E.D. 

Proposition 2 demonstrates that, given a restriction on the density 
function g(-), J our model displays a property consistent with the first 
claim of economists who have previously considered this type of mar¬ 
ket. T hat is, given this restiictiou, an increase in copyright protection 
necessarily results in a dec tease in the social welfare loss due to under¬ 
production. When this restriction is not satisfied, however, it is possi- 


H Proposition I holds lot all linile value s of II When II = x . ( 4 ) and (7) ate ctjUiva- 
Icnl I his simply means thul when I lie good is fulls e\< luduhle, ihet e is no sot nil w ell ate 
Joss due* lo undei produ< lion 

*'Oiu* dcnsiiv fuiKtion (hat satisfies this icstriction is the uniform densitv (unition. 
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ble for an increase in copyright protection to actually lead to an in¬ 
crease in the social welfare loss due to underproduction. This can he 
seen through the following example. Let Z = 1, v = 1, c = 0, F(Q) — 
<2 2 , g(z ,) = 6 for all 0 z, « 'A and g(z,) = 3 for all l A < z, *S 1. Analy¬ 
sis of this example yields that Q M ( 1) = Vs and Q M (V-t) = .55. 

One might ask. why, in contrast to the claims of previous authors, 
the social welfare loss due to underproduction does not always de¬ 
crease when copyright protection is increased. The logic behind the 
claims of previous authors is as follows. As copyright protection is 
increased, more individuals will be forced to purchase from the mo¬ 
nopolist. Thus, the additional revenue that will result from a marginal 
increase in quality will be higher, the greater is the extent of copyright 
protection. Furthermore, this in turn implies that the greater is the 
extent of copyright protection, the higher w ill be the quality of good 
produced by the monopolist and the lower will be the social welfare 
loss due to underproduction. 

Now consider equation (7). This equation tells us that an int rease in 
copyright protection actually affects the monopolist's choice of quality 
through two channels. File first is the one recognized by previous 
authors. That is, at any given quality level, the number of individuals 
who purchase from the monopolist will increase when copyright pro¬ 
tection is increased. As argued by previous authors, this channel 
tends to make Q v, () a positive function of//. The second channel has 
to do with the idea that as Q is increased, some consumers shift from 
the primary market to the secondary maikct. The shifting of i onsum- 
ers from the primary to the secondary market exerts a neg.uivi 
fluence on Q, the magnitude of this influence being posit, 
to the number of people who shift. When g(-) is a r. 
function, the number of people who shift at any given \ 
be decreasing with //. This in turn implies that as // r 
severity of this negative influence will decrease. 1 his t> 
proposition 2. Thai is, when g(-) is a nondec teasing lie 
channels work in the same direction and cause to be i . 

function of//. When g(-) is a decreasing function, howevei, ilns mi 
ond channel may work in the direction of making (/'’(•) a negative 
function of//. Thus, when this is the case, the intuition of previous 
authors may be incorrect because a factor they did not recognize* can 
push Q A, ( - ) in the direction opposite to what they expected."’ 


111 One might wondci whetherotic levults com el mug Ci'h ) mum example dc i i\c 
from che discontinuous n.mue ul g(). a\ opposed to the decreasing ii.itine ot 1 
Given (hat the following <an easilv lie demonstialcd. om results comet mug Q' f ( ) in 
this example must del nr It cun the dec leasing natiiie ot g( ), t '.oiollan to pioposnion 
Assuming nothing concei n mg the coin mint v of ). d g(: 2 ) - gl m) loi am pan . 0 
*=■ C| < '-i * /., then Q"(H?) Q"UI,) lot am //,. H. t pan. H, //,. 
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III. The Social Welfare Loss Due to Underutilization 


In the previous section we investigated how a change in H affects the 
social welfare loss due to underproduction. We will now investigate 
how a change in H affects the social welfare loss due to under¬ 
utilisation. 

Proposition 3: For every H\, there exists an // 2 , > H\, such 
that fV(// :i ) < W(H |) for every 5* // 2 . Note that W{H) denotes the 
social welfare loss due to underutilization. 

Proof: In our model, all consumers obtain M in equilibrium. 
Thus, the social welfare loss due lo underutilization is simply the costs 
incurred in the secondary market that are in excess of what would be 
incurred if the good were purchased from the monopolist. Equation 
(15) captures this formally: 

W(Ii) = 2,(1 + H)g{z,)dz,. (15) 

Now consider some random value for //, denoted H\. We will de¬ 
note as H > the value for H at which (16) holds: 

C S(Ci*.//.) 

I (t-cr - 0g(2,)t/z, = VV(//,). (16) 

Proposition 1, together with the definition of W(IJ), yields (17): 

W(//,) < J (1 (vQ* - ()g(z,)dz, for all U, & //-,. (17) 

Equations (16) and (17) togethei, in tut n, yield W(//0 < W(U\) for all 
//, ^ II.,. Q.F..D. 

Proposition 3 demonstrates that our model does not suppoit the 
prevailing orthodoxy concerning how the social welfare loss due to 
underutilization behaves as copyright protection is increased. That is, 
there seems to be no tendency for an increase in copyright protection 
to increase the social welfare loss due to underutilization. 

As with our previous result, one might ask why we reach a different 
conclusion than previous authors do. One difference between our 
analysis and that of previous authors is that they did not take into 
account the costs involved in obtaining a partially nonexcludable good 
through a secondary market. The reason such costs are important is 
the following. Since the monopolist is pricing above marginal cost, 
consumers at the margin are expending more resources in acquiring 
the good through the secondary market than would be incurred if the 
good were purchased from the monopolist. Thus, when individuals 
shift from the secondary to the primary market as a result of an 
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increase in copyright protection, the social welfare loss due to under¬ 
utilization tends to decrease. 

The discussion above brings to the fore one other interesting point. 
There is a widely recognized social welfare loss that occurs when 
economic agents expend resources surmounting or evading barriers. 
For example, the social welfare loss attributable to the resources ex¬ 
pended in tariff evasion has been analyzed by, among others, Johnson 
(1972), Bhagwati and Hansen (1973), and Bhagwali and Srinivasan 
(1973); while Tullock (1967) argues that a major portion of the social 
welfare loss associated with theft derives from the resources agents 
invest in the activity of theft. All of these previous papers, however, 
have been concerned with activities that “yield pecuniary returns but 
do not produce goods or services that enter a utility function directly 
or indirectly via increased production or availability to the economy 
of goods that enter a utility function” (Bhagwati 1982, p. 989). Our 
analysis shows that this type of social welfare loss can arise e\en when 
the activity under consideration involves positive production, as mak¬ 
ing a reproduction surely does. 

IV. Limitations and Extensions 

Previous authors who have considered partially nonexcludable goods 
have claimed that an increase in copyiight protection will lead to a 
decrease in the social welfare loss due to underproduction and to an 
increase in the social welfare loss due to underutilization. In this 
paper we have found partial support for the first claim but little or no 
support for the second. The reason our results concerning the social 
welfare loss due to undei utilization so stronglv coniradic t the i 1 " 
previous authors is that our consumers did not \at\ m 
tions on the quality of the partially nonexcludable good 
tion is crucial because, if copyright protection were to I- 
a world where this assumption did not hold, some indo 
stop consuming the partially nonexcludable good etitn > 
ture, however, that even in such a world the basic point 
demonstrate would be valid. That ts, it would still lie tlu , .. . 
increase in copyright protection could lead to a dcciease m the 
welfare loss due to underutilization. 

Finally, we would like to end this paper by suggesting two clilletetu 
ways that our analysis could be extended. Fit si, consume! s could he 
allowed to vary in teims of their valuations on the quality ol the 
partially nonexcludable good. With this type of variation the monopo¬ 
list would need to he concerned with self-selection constraints, an 
issue central to a number of recent papers (e.g.. Spence 1977: Mnssa 
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and Rosen 1978: Chian,g and Spa,, 1982; Maskin and Riley 1982). 
S W 'in the ret,I mM » « -a, only the one Om consumer, c*£nd 
resources when they obtain a partially nonexcludable good horn 
someone other than the original producer, but also that produce,s 
expend resources in an attempt to make this type of acquisition more 
difficult. Thus, a second worthwhile extension might be to incorpo¬ 
rate these types of expenditures into our model. 
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Conversion to a Consumption Tax: 

The Transition in a Life-Cycle Growth Model 


Laurence S. Seidman 

Unwrnlty of Deluwni? 


This paper examines the transitional losses that may follow conver¬ 
sion from an income lax to a consumption tax, even when <(inver¬ 
sion eventually raises steady-state lifetime welfare. I wo recent stud¬ 
ies have left the impression that the transitional losses would be 
large. Using a life-t ydc giowtli model, this paper examines two rea¬ 
sons why these studies have probably oveiestimated the transitional 
losses. The model computes the welfare gains and losses of each age 
cohort along the transition path. It is shown that the greater the 
bequest motive and subjective discount rate generating the |wriicu- 
lar initial income tax steady state, the smaller would lx* the transi¬ 
tional losses. Similarly, a policy ol age phasing would reduce the 
losses. The results demonstrate the impottaiue of examining the 
ttansition path whenevet a polic y < hange alters capital act uimdaiinn 


The merit of converting the income (>') tax to a pel-.' 
tion (C) tax has long engaged the interest of economic 
previous studies concentrate exclusively on steady xtai, 
studies recognize the importance ol examining the t. 

(Summers 1979; Auerbach and Kotlikoff 1983). Simul.. 
sion in a life-cycle growth model, these researchers hud 
significant fraction of cohorts alive at the time ol conversion—in pat- 
licular, those older than some age .Y— would lose signihc.tntlv. even 
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when there is ultimately a substantial steady-state gain in lifetime 
utility that will be enjoyed by all future cohorts. These studies, there¬ 
fore, may give the impression that conversion to a C tax would cause a 
substantial transitional loss. 

Why do cohorts older at the time of conversion lose significantly in 
these two studies? In the initial income tax steady state, each person’s 
tax path over his life parallels his income path, which rises until retire¬ 
ment but then declines until death. In contrast, on conversion to a 
consumption tax, each person’s new tax path parallels his consump¬ 
tion path, which, according to the life-cycle model, grows at a constant 
rate over the person’s entire life, including retirement. Conversion to 
a C tax that raises the same total revenue from the whole population, 
therefore, will usually significantly raise the tax burden on older 
cohot is. 

If a person’s consumption path, contrary to the life-cycle model, 
ran “parallel” to his income path—rising during work years, but then 
declining with retirement—then conversion would not impose a 
significant loss on older cohorts. This study, however, will follow the 
two previous studies in using the life-cycle model. If consumption 
does decline with retirement, then all three studies exaggerate the 
transitional loss to older cohorts. 

This study will focus on two other reasons why the Summers and 
Auerbach-Kotlikoff simulations may overstate the severity of the 
tiansitional problem under actual conversion: (1) the absence of a 
bequest motive and (2) the absence of a policy of age phasing. 

I'he strict life-cycle model used by both studies excludes bequests. 
Yet recent empirical work suggests that a bequest motive may be 
responsible for an important share of actual capital accumulation 
(Brittain 1978; White 1978; Mirer 1979; Kotlikoff and Summers 
1981). It should be noted that, in this paper, the phrase “bequest 
motive” does not necessarily imply that a person is concerned about 
the welfare of his heirs. The phrase is intended to include any reasons 
why a person might choose a consumption path that results in a 
bequest at death. For example, the desire to accumulate wealth for 
security, prestige, ego gratification, and as insurance against living 
“too long” might all account for a bequest motive. 

Why is a bequest motive important for our transitional loss prob¬ 
lem? 1 lie key point is that alternative combinations of bequest motive 
and subjective discount rate can generate the same steady state (ihar- 
acteri/.ed by a particular capital-effective labor ratio, saving rate, and 
interest rate). The higher the bequest motive, the higher would be the 
saving rate; but the higher the subjective discount rate, the lower 
would be the saving rate. Hence, by raising both appropriately, the 
steady-state saving rate can be held constant. 
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Suppose that under a Y tax the economy is observed to be in a 
neoclassical growth model steady stale with a particular saving rale. 
This steady state may have been generated by a zero bequest motive 
and a particular discount rate, or by a positive bequest motive and a 
higher discount rate. The stronger the bequest motive, the higher the 
discount rate that must have generated the initial steady state. 

The higher the discount rate, the slower is the growth rate of the 
consumption path over a person’s life. The lifetime consumption path 
would be flatter, and consumption during retirement would be less. 
Conversion from a Y tax to a C tax would therefore be less harmf ul to 
retirees. There would be less divergence between the lifetime income 
tax path, which drops at retirement, and the lifetime consumption tax 
path, which now would grow more slowly and have a lower average 
value through retirement. Conversion would therefore impose a 
smaller loss on older cohorts. 

Hence, it is the magnitude of the subjective discount rate, and the 
resulting flatness of the lifetime consumption path—and consump¬ 
tion tax path—that is crucial. By omitting a bequest motive, the two 
studies cited above assume that a unique subjective discount rate gen¬ 
erates a particular initial steady state. But once a bequest motive is 
included, the stronger the bequest motive, the higher the subjective 
discount rate associated with a particular initial steady state. 1 he 
higher the discount rate, the lower are the transitional losses follow¬ 
ing conversion. 

The second reason the two studies may overstate the severitv oi the 
transitional problem under actual conversion is that thev do noi , < ■■ 
sider a policy of age phasing. One method of age phasin' 
all cohorts immediately under the ('. tax on converstm 
tax rates for older cohorts. A second method would l 
older than some age D under the >' tax for the rest oi > 
place all cohorts D or less permanently under the < i 
the whole population would be under the tax. 

To isolate the importance of these two factois, this sim.- 
similar life-cycle growth model, except that it will include W.,..,-,- 
and inheritances and will examine a policy of age phasing. 

Section 1 describes the steady state of the life-cvclc growth model 
utilized in this study. Section II the simulation model that generates 
the path of the economy under conversion. Section 111 conversion in 
a no-bequest economy, Section IV conversion in an econoniv with a 
bequest motive, and Sec tion V' conversion with age phasing. There is 
a brief concluding section. An Appendix provides selected deriva¬ 
tions and formulas. The complete working paper (Seidman 19SS«). 
available from the author, provides all derivations, so that the text can 
focus on assumptions and results. 
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j. The Steady State of a Life-Cycle Growth Model 
with a Bequest Motive and Taxes 

i have analyzed the steady state elsewhere (Seidman 19836). I his 
section, therefore, will present only the results necessary to under¬ 
stand the transition path analysis of this paper. 

For trac lability, it is assumed a bequest is given only at death and an 
inheritance is received only at labor force entry. All ages are “work 
ages," expressed relative to the labor force entry age of zero. Every 
person is identical except for age; the impact of this assumption on 
the analysis of conversion is given elsewhere (Seidman and Maurer 
1982). File representative person, on entry, chooses a K/) path to 
maximize his lifetime utility function (1) subject to his expected 
lifetime budget constraint (2) (see Strotz [195(5] and Atkinson [ 1971] 
for discussions of the lifetime utility function): 


V 


In C, 

ft (1 + P)' 


+ 3 


In K/ 

(1 + p) r 


V ~ '<) + K i 
ft (1 + (1 + r„) J 


n 



i i 


u\l 

(1 + r,,)' ’ 


( 1 ) 

( 2 ) 


where r„ = (1 - t,)r, u\, = (I - U — lifetime utility, C, — 

consumption at age t, Kj = bequest at death, p = subjective discount 
rate, (3 = taste for bequest parameter, J = age at death (last age of 
life), i = rate of interest, // = inheritance at labor force entry, w, = 
wage at age I, K = age of retirement (last age of work), I, = consump¬ 
tion tax rate (ratio of tax to the sum of consumption plus tax; hence, 
C,/\ 1 - t r ] is the sum of consumption plus tax), = labor income lax 
rate, and I, = capital income tax rale. For a F lax, = (, = ( y , and I, = 
0; for a ('. tax, I, = /„, = 0. 

In this study, it is assumed that a bequest is no I treated as taxable 
consumption under a ('. tax. This assumption is incotporated in (2), 
where the bequest, K/, is not subject to tax. Whether bequests are 
exempt or taxable under a C tax has a direct bearing on the pattern of 
transitional losses; a bequest motive will reduce the transitional but- 
den of older cohorts only if a bequest is tax exempt under the C tax. 
(See Seidman [1980] for another rationale for such an exemption.) 

For the issues investigated in this papet, the logarithmic utility 
function, (1), is probably sufficiently flexible. Both Summers (1979) 
and Auerbach-Kotlikoff (1983) use the logarithmic utility function 
for their transition path analysis. By varying p, the subjec tive discount 
rate, (1) permits the preference for present consumption relative to 
future consumption to vary (raising p raises the relative preference 



CONSUMPTION TAX 


25 1 

for present consumption). Nevertheless, it is possible that the conclu¬ 
sions may prove sensitive to this functional form. 

3 is the bequest motive parameter. There are two ways to under¬ 
stand the implications ot the magnitude of 3 . It can be shown that 3 is 
the ratio of a person’s bequest to his last-age consumption-plus- 
consumption tax. For example, a 3 = 10 implies that the person 
leaves a bequest 10 times the size of his consumption-plus-consump¬ 
tion tax at age J. Second, it can be shown that the share of a person’s 
lifetime wealth allocated to the bequest depends on 3. P> and /. Con¬ 
sider two examples that will be used in Sections IV and V. Given J = 
55, p = .08 and 3 = 10 imply that 1.1 percent of lifetime wealth is 
allocated to the bequest; p = .08 and 3 = 20 imply that 2.3 percent is 
allocated. 

The constrained maximization implies that each person will choose 
a consumption path with a growth rate of (r„ — p)/(l + p). Two 
special cases should be noted. II r„ = p, then will be constant over 
the person’s life. If p = 0, then will grow at the rate r„. 

Although each person takes his inheritance as given when choosing 
(C,, K /), in the steady state of the growth model, total inheritances 
received by the entering cohort must equal total lx*quests given by the 
dying cohort. 

Government expenditure is financed by equal tax revenue and is 
assumed to consist solely of government consumption so that the 
capital stock results solely from individual saving. There is no role for 
debt policy. 

Production is Cobb-Douglas, and each factor is p i 1 
product: 

<1 - k", 0 < a < 1, 

where </ = output per effective labor (Q/fJ) and k - > 
tive labor ( KIE); 

i = ak n 

where r = the interest rate; 

w, = (I - a)k", 

where w, = wage per effective labor. 

There is labor-augmenting technical change at the constant exoge¬ 
nous rate g, so that effective lalxrr per wot ker grows at g: and tbe¬ 
labor force grows at the constant exogenous rate n, so that total effec¬ 
tive labor, capital, and output grow at the 1 ate (n + g + »ig ). 1 Depret 1 - 

1 Note dial wuh discrete period glow-ill rales >1 and g die growth 1 .He ot elfeone 
labor, C.\ is given by (1 + G) = (l + h)(I + g). 


* 
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a,/,,., u assumed .<> nJoata, equals In 

+ g + ngb At ail) • , product of a worker m the econ- 

;"^r,r<'ap^l per afLi™labor ,«. .he wage per effec.ive 
Z.(„,,). and .hZ.eres, ra.e (r) are cons.a,,.. I he wage per worker 
grows at the rate g, both over time and over each person s life. 

By aggregating the saving of each individual at each age and using 
the relationships (1 )-(5) and the constraints previously described, it 
can be shown that the steady-state r„ of the economy is given implicitly 
by (6), which is kept relatively concise by a summation function M: 
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where a = the Cobb-Douglas exponent (in eq. [3]), n = growth rate 
of the labor force, and g = growth rate of effective labor per worker 
(rate of exogenous labor-augmenting technical change). 

Given a set of parameters and tax rate values, a computer- 
implemented iterative procedure is used to obtain r„. Then k is given 
by (4); note that r and k always vary inversely. 

It can be shown that the saving rate, b, is given by 

b = (n + g + ng)k'~ a , (7) 

b - ±, ( 8 ) 

<? 

where j = saving per effective labor (SIE). Note that b varies directly 
with A; the elasticity is (1 — a). 

In (6), l r does not appear. In response to a C tax, each person finds it 
optimal to reduce his C, such that the sum of consumption-plus- 
consumption tax, C,/( 1 - t r ), stays constant, so that saving at each age, 
S„ is unaffected. I lence, the steady-state k and r are the same as under 
no tax (recall that we have assumed there is no government saving so 
the capital stock results solely from individual saving). 



CONSUMPTION TAX 253 

It is also clear from (6) that a Y lax (t w = t r = t y ) has no effect on r„. 
Hence, a Y tax unambiguously raises gross r and reduces k. Thus, in 
this model (with its functional forms) a C tax must achieve a higher h 
than a Y tax. 

In fact, if the Y tax rate is initially t y (e.g., 30 percent), conversion to 
a C tax would reduce r by t y (30 percent), for any value of t r , for the 
following reason. From (6), it is clear that, beginning at t r = t w = t y (30 
percent), reducing these rates to 0 percent would have no effect on r„, 
which is l y (30 percent) less than the initial r. Since t c does not appear 
in (6), imposing a C tax would not affect r„, which would equal r under 
a C tax because t r — 0 percent. Hence, r under a C tax would be t y (30 
percent) less than under a Y lax. Note that this result holds lor any p, 
p, and t c . 

It can be shown that if the Y tax rate is initially t y , conversion to a C 
tax with any l c would have the following impact on k, s, b, and q: 



For t y = 30 percent, AA/A = As A = 06 percent, Ab/b = 13 percent, and 
A q/q = 19 percent. 

Earlier it was noted that the maximization of (1) subject t<> " 
plies that each person will choose a lifetime consump' 
the growth rate (r„ — p)/( 1 + p). Since both a Y tax and 
t y and t n achieve the same r„, the growth rate will be tf 
both taxes. This (act will greatly simplify welfare comp 
dally in the no-bequest case. 

While (9)-(l 1) imply that the percentage changes in k 
independent of p, p, and t,, this is not true for consumpn 
effective labor, c, which obtains a maximum at the “golden tule s 
Although the C tax always achieves a higher k than the 1 tax. the 
“golden rule” literature makes clear that a higher k does not necessar¬ 
ily imply a higher c, or higher lifetime welfare. 

Nevertheless, for all parameters tried yielding an r greater than the 
natural growth rate of the economy (11 + g + wg), a C tax did achieve 
a higher lifetime utility for the representative person than the >’ tax. 
when tax rates were set to achieve the satne revenue per effective 
labor. Because the purpose of this study is to assess |>ossiblc* transi¬ 
tional harm on the way to steady-state gain, and also because it is 
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probably empirically realistic to assume that r > n + g + ng, all 
simulations are based on parameter sets for which conversion to a C 
tax would raise steady-state lifetime utility. 

The change in steady-state lifetime welfare when the Y tax is con¬ 
verted to a C tax is meaningfully measured by 8/, the percentage 
change in the Y tax lifetime consumption-bequest vector ( J + 1 ele¬ 
ments) that would be required to achieve the same lifetime utility that 
occurs under the C tax. 

It can be shown that in the no-bequest case, 8/ is simply equal to the 
percentage change in aggregate consumption per effective labor, c. 
This simple relationship is due to the fact that the growth rate of 
consumption over a person’s life is the same under both taxes because 
r„ is the same. If only consumption affects utility (no bequest), then 
(I -t- hi) is the ratio of C t , (consumption at age l under the ('. tax) to C yl 
(consumption at age / under the Y tax) at every age l over the person’s 
life, and aggregation of consumption across cohorts at any time v 
preserves the (1 + 8/ ) ratio. 

All results presented in this paper use the following parameter 
values: n = 1 percent, g = 2 percent (n + g + ng = 3.02 percent); a 
= .3, R = 45, ] = 55. Under the Y tax, t y = 30 percent; t, is then set to 
achieve the same revenue per effective labor. 

II. The Simulation Model 

Once the economy leaves the steady state, it is no longer true, when a 
person leplans the remainder of his life at time i 1 and age /, that he 
will continue along the path he planned at entry. To select a rest-of- 
life path at age t, time v, the person must form expectations concern¬ 
ing the future paths of three variables: w{)), r(j), and lax rates f,(/), 
where j indicates his age. 

Auerbach and Kotlikoff (1983) assume “perfect foresight,” where 
expectations along the transition path prove correct. Summers (1979) 
assumes “steady-state expectations” that would prove correct if and 
only if the economy were in a steady state; each person is assumed to 
act as if he expects the interest rate to remain constant at its current 
value, the wage per worker to grow at the rate g, and tax rates to 
remain at their current values. Comparison of the simulation results 
of these two studies suggests that the conclusions of this paper are 
unlikely to depend on which expectations hypothesis is utilized, be¬ 
cause the basic qualitative pattern is similar. This paper adopts 
“steady-state" expectations because, to me, it seems more realistic (as 
well as simpler to implement). 

Each period, then, a person of age t plans C, for ; = t, ... ,J and K/ 
by maximizing rest-of-life utility subject to lifetime wealth at age t. 
Although each person plans the remainder of his life each period, 
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only the initial C,(v) is relevant for the simulation model, because each 
person will replan again next period. 

For a person age t at time v, his income is computed as the sum of 
his wage and capital income. Subtracting his lax and consumption 
yields his saving. Summing over the population yields total saving, 
which constitutes the increase in the capital stock. Inserting the new 
capital and effective labor into the Cobb-Douglas production func¬ 
tion, computing marginal products, yields the new interest rale and 
wage. For each person, adding saving to wealth yields new wealth (the 
bequests of the dying cohort become the inherited wealth of the 
cohort just entering the work force). The process is repeated each 
period, generating the path of the economy. 

Each simulation begins from an initial steady state, with the wealth 
held by a person of each age consistent with that steady state. When 
the simulation model was run for the same parameter and lax values 
that determined that initial steady state, the economy remained in 
that steady state in each subsequent period. When the tax rates were 
changed and then a simulation was run, in every case tried the eton- 
omy followed a transition path that eventually converged to the new 
steady state associated with the new tax rates as given by (0). Thus, the 
steady state appears to be stable. 

Each simulation begins from an initial Y tax stead) state. 1 lie (. tax 
is introduced, and the tax rate, t, (v), is adjusted every period v to keep 
tax revenue per effective labor equal to its constant value under the V 
tax steady state. The economy gradually converges to the higher k 
given by (6) and (4). 

For each age cohort working or retired when consei - 
well as each that enters after conversion, this studs i 
change in “rest-of-life” welfare, measured by 8 /(f . ti. 
change in the Y lax "rest-of-life” consuniption-bequesi 
- I elements f or a person of age I when conversion ou.; 
be required to achieve the same “rest-of-life" utilits it 
conversion to the C tax. It should be noted that the \oin , 
cohort, the less the discrepancy between 8 rt , and h, (the pen t illage 
change in lifetime welfare); for a cohort just entering the work force at 
the time of conversion, as well as all cohorts who will enter in the 
future, 8«, = 8/. As the economy approaches its new steadv state the 
= 8/ of future cohorts will converge to the steadv-state 8/ defined 
in Section I. 

III. Conversion in a No-Bequest Economy 

fo isolate the impact of a bequest motive on conversion, we begin 
with the no-bequest case. Three values of p are considered. Under a Y 
lax (t y = 30 fiercent), (6) yields the corresponding steady-state r for 
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TABLE I 

Conversion in a No-Bequest Economy 




y Tax 
Steady 
State 

First 

Year of 
Conversion 

p = 

.0001: 



1 


6 3% 

6.3# 

k 


9 28 

9 28 

b 


14% 

39% 



1 95 

1.95 

T 


.59 

59 



.28 

76 

c 


1 08 

.60 

8, 




P - 

.052’ 



; 


12.1# 

12.1% 

h 


8 07 

3.67 

b 


8# 

33% 

V 


1 48 

1.48 

T 


.44 

.44 

A 


11 

.49 

r 


98 

.55 

8, 




P = 

1 10: 



r 


20 2# 

20.2% 

k 


1.7(5 

1.76 

b 


4# 

30% 

'1 


1 18 

1.18 

1 


.36 

.36 

s 


.05 

36 

1 


77 

.46 


8 , 


%A 

upon 

Conversion 

C Tax 
Steady 
State 

%A between 
Steady 
States 

0 

4.4% 

-30 

0 

15.45 

+ 66 

+ 173 

21% 

+ 43 

0 

2 27 

+ 17 

0 

.59 

0 

+ 173 

.46 

+ 66 

-44 

1.22 

+ 13 



+ 13 

0 

8 5%. 

-30 

0 

6.10 

+ 66 

+ 329 

11% 

+ 43 

0 

1.72 

+ 17 

0 

.44 

0 

+ 329 

18 

t- 66 

-41 

1.10 

+ 18 
+ 18 

0 

14 2% 

-30 

0 

2 92 

+ 66 

+ 635 

6% 

+ 43 

0 

1.38 

+ 17 

0 

36 

0 

+ 635 

09 

+ 66 

-40 

93 

+ 21 



+ 21 


each p. As indicated in table 1, tor a “low" p (.0001), r = 6.3 percent; 
for a “moderate” p (.052), r = 12.1 percent; for a “high” p (. 110), r = 
20.2 percent. As might be expected, a higher p, indicating a greater 
relative preference for present over future consumption, results in a 
lower capital intensity k and saving rate b and a higher interest rate 
(marginal product of capital) r. 

Before examining the transition path, it is useful to focus on the 
final steady state, f able 1 presents these results in the right-hand 
column. As shown in Section I, the percentage changes in r, k, b, q, 
and s are independent of p and were given in (9)—(11). As also ex¬ 
plained in Section f, c and 8 / do depend on p, and the percentage 
change in r is equal to 8/. As table 1 indicates, r is always greater than 
(n + g + ng) = 3.02 percent, so that the economy is always at a h < 
(even with p = .0001 under the C tax, when r is 4.4 percent); it is not 
surprising that the percentage change in c, which equals 8, , is positive 
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for all three p. Moreover, the higher is p, and therefore the greater is 
the gap between the initial k y and k K , the greater is the percentage 
increase in c and percentage increase in welfare, h L . For a “moderate” 
p (.052) with an initial r = 12.1 percent, the percentage increase in c is 
18 percent. 

Of course, it is not possible to move instantly from the Y tax steady 
state to the C tax steady state. A central purpose of this paper is to 
focus on the short-run reduction in consumption per effective labor 
that must follow conversion and to assess the impact on the welfare of 
particular age cohorts along the transition path. 

The second and third columns of table 1 give the change in the 
economy in the year of conversion. With the C. tax rate set so that tax 
revenue per effective labor remains at its value under the Y lax steady 
state, the utility function implies that the population will choose to 
reduce its consumption drastically; for all three p, consumption per 
effective labor is reduced just over 40 percent. It then climbs steadily 
until it converges to its steady-state value. As will be indicated in 
Section IV, this 40 percent reduction persists when a bequest motive 
is introduced. 

It should be noted that a similar drastic reduction in consumption 
also occurs in both the Summers and Auerbach-Kotlikolf studies. To 
isolate the importance of a bequest motive and age phasing, this studs 
follows the two previous studies closely, including the choice of utility 
function. Since many would regard so drastic a decline in consump¬ 
tion as implausible, it would be important for future ivm- »> u 
periment with alternative forms of the utility function 

T he higher is p, and therefore r, the faster the econ< 
to its new steady state. In all cases, the econoim mildlv < 
steady state and exhibits damped oscillations as it ioim 

For a “low” p (.0001) and “low” initial r (6.5 percet.. 
percent in the year of conversion; not until vear 10 0 
exceed its initial value. The new steady-state r is first rent licit 
30; half the distance is covered by year 5. For a “moderate” p ( 052) 
and “moderate” initial r (12.1 percent), c is cut 41 percent in the vear 
of conversion; the initial value for c is surpassed in vear 8 1 he new 
steady-state ris first reached in year 14; hall (he distance is covered bv 
year 3. For a “high” p (. 110) and “high” initial r (20.2 percent), r is cut 
40 percent in the year of conversion; the initial value for < is sut passed 
in year 4. The new steady-state r is first reached in vear 8; half the 
distance is covered by year 2. 

figure 1 shows the change in resi-of-life welfare, 8 W , for each p. The 
igher is p, the more favorable (less unfavorable) is the impact on all 
cohorts. Yet even for the highest p, the transitional losses are 
significant. Everyone older than work age 27 at the time of corner- 
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Ix-(]ucm m>nomy with alicrnativc values of p. 


sion—more than halt Of all cohorts—has rest-of-life welfare reduced. 
The maximum loss, inc urred by the oldest cohort, is 40 percent of its 
rest-of-life (last year) welfare. Henc e, the average loss of cohorts over 
27 is roughly 20 percent of rest-ol-lile welfare. 

Why are the losses for older cohorts so large in the no-bequest 
economy? The growth rate of consumption over a person's life is (r„ 
- p)/(l + p): 4.4 percent for p = .0001,3.1 percent forp = .052, and 
2.8 percent for p = .110. This implies that the ratio of last age (t ~ j 
= 55) to first age (/ = I) consumption is 10.25 forp - .0001,5.19 for 
p = .052, and 4.55 for p — .110. 1 fence, conversion to a tax imposes 
a relatively large tax burden on high-consuming older cohorts. 

What about the young? Even in the high p case, the b, { (8.0 percent) 
of the youngest cohort, which just enters at the time of conversion, is 
still well below the steady-state 8 ; (2! percent). Why is this so? This 
youngest cohort begins its work career with w, at the f’ tax value; 8 
years must pass before w r first reaches the higher C tax steady-state 
value. Hence, for nearly one-fifth of its work lile, this cohort earns a 
u< r less than the C tax value. On the other hand, it also receives an r„ 
greater than the C lax steady-state value for these same 8 years. Kvi- 
demly, the former outweighs the latter. 

IV. Conversion in an Economy with a Bequest Motive 

This section examines conversion in a “moderate” r economy, where 
the initial Y tax steady-state rof 12 percent is generated by alternative 
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pairs, (0, p). With an initial Y tax rate of 30 percent, the following four 
pairs each generated an initial steady-state r of 12 percent: (.0001, 
.052), (5.0, .067), (10.0, .077), (20.0, .087). 

As the (0, p) pairs indicate, 0 and p must both be raised to hold r 
constant at 12 percent. This is because raising 0, the bequest motive 
(holding all other parameters constant), always raised steady-state k 
and b, as might be expected, thereby reducing r. On the other hand, 
raising p, the relative preference for present over future consumption 
(holding all other parameters constant), always reduced steady-state k 
and b, as might be expected, thereby raising r. 

Thus, if the economy is observed to be in an initial Y tax steady slate 
(< v = 30 percent) with r = 12 percent, no information is conveyed 
concerning the strength of the bequest motive. It will be shown, how¬ 
ever, that when conversion to a C tax occurs, the impact on the wel¬ 
fare of different age cohorts will depend on the particular (0, p) that 
generated the initial Y tax steady state. 

Before examining the transition path, it is useful to focus on the 
final steady state. As shown in Section I, the percentage changes in r. 
k, b, q, and s are independent of (0, p). Since r is 12 percent in all four 
cases under the 30 percent Y tax, %Ac is always approximated 18 
percent, as shown in table 1, for the 1 — 12.1 percent case. Although 
8/. does not exactly equal %A c because the bequest a I feus utilitv, in 
fact it does so approximately. For all four (0, p). 8, is appioximatelv 
the same as %Ac: 18-19 percent. Hence, 8/ is insensitive to the partic¬ 
ular (0, p) combination that generates the same initial r = 12 percent. 

For all (0, p) combinations, the reduction in r in the year of conver¬ 
sion was within a few percentage points of 10 percent, just as m the 
no-bequest economy. Given this same aggregate cutback in < onv 
tion, the important question becomes. Does a bequest m< 1 
a reallocation of the consumption sacrifice among coho' 
maximum loss suffered by any cohort is reduced' 

figure 2 shows that the higher are the 0 and p genet an 
r = 12 percent, the smaller is the maximum loss sol 


cohort. Each curve shows the change in rest-of-life vu , 
each age cohort for a particular (0, p). The (.0001, .052, ,... 
already plotted in figure 1. But now, the higher are (0. p), the 
negative are the 8 W ; in fact, in the 0 = 20.0 case, the oldest cnhoit 
actually gains from conversion. 

Why does a higher (0, p) reduce the maximum loss'" Recall that, in 
the f tax steady state, the growth rate of consumption over the per¬ 
sons life is (r„ - p)/( 1 + p). Hence, the higher are 0 and p. given the 
initial r„ = 8.4 percent, the lower is the growth rate and the- flatter is 
the consumption path. Table 2 shows the growth rale under each (0. 
p) and the resulting ratio of last age (/ = / = 55) to first age (/ = 1) 
consumption^mder each path. For 0 = 20.0, p = .087, the growth 
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rate is slightly negative, and the ratio is less than 1 (.88). 1'he flatter 
the consumption path, the smaller will be the tax burden imposed on 
older cohorts immediately following conversion. 

As figure 2 shows, however, a flatter path, while helping older 
cohorts under conversion, hurts younger cohorts. In the (3 = .0001 
case, older cohorts are hurt severely, while younger cohorts gain. For 
(3 - 20.0, while the losses to older cohorts are greatly reduced, the 
youngest cohorts now lose. A flatter path reallocates the burden ot 
conversion away from old to young cohorts. This should not be sur- 


1ABLK2 

Tut SltADV-SlA'Il LIFETIME CoNSUMfl ION PA1H IN 
AN F< OMIMV Will! A Bryi/KM Mo uvr 


Ciowili Kale ot Ratio ot Last Age to 

Consumption {'/r ) First Age Consumption 


p 

P 

r„W) 

(r„ - p)/(l + p) 

CvJC 1 = [d + r„)/(l + p)j 

.0001 

.052 

8.456 

3.1 

5.19 

.5.0 

.067 

8 884 

1.6 

2.33 

10.0 

0765 

8.460 

8 

1.50 

20.0 

.087 

8.434 

-.2 

.88 


si 
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prising because, for all (P, p), the first-year reduction in c is approxi¬ 
mately 40 percent, so that a smaller loss for some entails a greater loss 
for others. This reallocation, however, does significantly reduce the 
maximum loss in rest-of-life welfare suffered by any cohort. 

Convergence is also somewhat slower in the high-P, high-p econ¬ 
omy. While two-thirds of the gap between r - 12 percent and r = 8.4 
percent is closed in 5 years for all four values of (P, p), for p = 20.0 
the new steady state is not reached until year 29; for 3 = .0001, it is 
reached in year 14. Slower convergence is another reason why young¬ 
er cohorts are hurt. Once the new steady state is reached, cohorts that 
enter thereafter will enjoy the steady-state b,,. But for high (p, p), 
cohorts that enter several years after conversion will be hurt. 


V. Conversion with Age Phasing 


This section examines conversion in a “moderate” r economy (12 
percent under the 30 percent Y tax), with a “moderate" (p, p) = (10.0, 
.077) under a policy of age phasing. Recall that the steady-state b, is 
19 percent. 

Under the method of age phasing examined here lor illustration, it 
is assumed that the population is divided at age />. Persons older than 
D remain subject to the Y tax for the remainder of their lives. Persons 
with age less than or equal to l) are immediately and peimanenih 
subject to the C tax. Each year, the dividing age is increased In one 
year, until the whole population is subject to the C tax. 

1 here is one policy parameter to be chosen for eat h m: 
dividing age D. The I, that will apply to the older, pi. 
for the remainder of their lives is kept at its initial ) 
percent). Given this t y , each year the I, (v) lor the young< 
by a computer-implemented iterative procedure so th.e 
nue per effective labor is the same as it would have bn 
steady state. 


In contrast to the bequest motive, age phasing does u<ii., 
percentage reduction in c that occurs in the year of comet sum I he 
cohorts older than D remain under the )' tax, at the same /, - 30 
percent; they do not suffer a lax increase, nor are they given an 
incentive to reduce their consumption. As D declines, the share of the 
population so “protected” rises. For I) = 55 (no age phasing), the <1 A, 
in the year of conversion would be -41 percent; for 1) = 15 - 37 
PC !^* nl; f = 35 ’ “SO percent; and for I) = 25, -23 percent. 
,„r„| k re " Sh ™ s that a 8 e phasing reduces the maximum loss suf- 
a h y an y cohort, four values of D are considered: 55 (in effect, no 
ggyy «•. »• a " d *• > he curve I) - 55 i, ,1 m, 

"gore 2, the maximum loss, S«, is 14 percent, suffered by the coho, t 
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with age 4b. As I) is reduced to 25, the maximum loss declines to 7 
percent, and the age of the cohort experiencing lhat loss also declines 
to 41. 

The reduction in the maximum loss is not achieved costlessly, how¬ 
ever. The number of cohorts that lose rises as D declines. Also, age 
phasing reduces the speed of convergence. With D ~ 55, r closes two- 
thirds of the gap between 12 percent and 8.4 percent in 5 years; with 
D = 25, in 10 years. Thus, with age phasing, a longer time will elapse 
before a cohort enters that will enjoy the steady-state gain, 8/ = 19 
percent. 


VI. Conclusions 

This paper analyzes conversion f ront an income tax to a consumption 
tax (which exempts bequests) in a life-cycle growth model. In contrast 
to two previous studies by Summers and Auerbach-Kotlikolf, this 
study includes a bequest motive and considers a policy of age phasing. 
In this particular model, with its production and utility functions, 
parameter values, and “steady-state expectations,” the following main 
results were obtained: 

1. In the absence of a bequest motive or a policy of age phasing, 
conversion to a ('. tax imposed significant losses of “rest-of-life wel¬ 
fare” on older cohorts, even when a C tax would significantly raise 
steady-state lifetime welfare. Exclusive focus on steady states is there¬ 
fore inadequate and misleading when capital accumulation is in¬ 
fluenced by a policy change. 

2. Alternative combinations of bequest motive and subjective dis¬ 
count rate can generate the same steady-state capital intensity under 
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the initial income tax. For example, raising both by the proper mag¬ 
nitude can hold capital intensity constant, because a greater bequest 
motive would in itself raise capital intensity, while a greater discount 
rate would in itself lower capital intensity. 

The greater the bequest motive and discount rate generating a 
given y tax capital intensity, the smaller will be the transitional losses 
imposed on older cohorts during conversion to a C tax, provided the 
C tax exempts bequests. Moreover, over the relevant range, a greater 
bequest motive discount-rate combination also reduced the maximum 
loss suffered by any cohort. Thus, a life-cycle growth model without 
bequests will overstate the maximum cohort loss that results from 
conversion. Because the result depends crucially on the exemption of 
bequests under the C tax, it may be interpreted as providing one 
argument for such exemption. 

3. A policy of age phasing can reduce the transitional losses im¬ 
posed on older cohorts, and the maximum loss suffered by anv 
cohort, under conversion. 

4. In this particular life-cycle growth model, even with a bequest 
motive and age phasing, transitional losses remain. Yet, like the Sum¬ 
mers and Auerbach-Kotlikoff models, this one contains several fea¬ 
tures that tend to exaggerate transitional harm—such as the assump¬ 
tion that a person's consumption grows as rapidly in retirement as 
during work years. Until models that modify these convenient but 
implausible features are developed, it would be premature to dnv 
firm conclusions concerning the magnitude of the trail'" ■ 

that would result from conversion. The main task ol 
been to demonstrate that incorporating two fealuu' 
nored—a bequest motive and age phasing—can stgnn 
transitional losses. Further research is required to den 
the transitional problem is as serious as has been ( 
gested. 


Appendix 

I his Appendix gives selected derivations and formulas. 1 lie complete umk 
ing paper (Seidman 1983a), available from the author, gives all derivations 

Steady State 

for each person, (C,, K/) is given bv: 


Ivanna 

t A 1) 

'HiM'.V;)' 

(A2) 

where \ = tfje Lagrange multiplier. 
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Hence, C, grows at the rate (r„ - p)/(l + p), and JJ is the ratio of the bequest 
to last-age consumption-plus-consumption tax. 

A'//(l + r„)J I 

- —— = ---, (A3) 

i r ./ i \ / / i v/i 


1 + [ m! (tT 7 )/KtT?); 


where I — H + i [uv,/(I + r„)'J = lifetime wealth and M is defined with 
<(»). Kquation (A3) gives the fraction of lifetime wealth devoted to a bequest. 
At time v total bequests equals total inheritances: 

I>,(v) ■ K,(v) = P„(v) ■ H(v), (A4) 

where P,(v) ~ population of age / at time v. This implies that for eat h person 

H - td + g)0 + »>1 % (A5) 

Using (A5), 

1 _ a> t oAff[(i + gV(l + r,,)] 


where u\» = net wage in the economy when a person was work age 0 and D is 
defined with (fi). 

Aggregating ovet the whole population at time v: 

U»/(l - t.) = Aff[(i + Km + r„}} ■ 
u\(v)L(x>) D • Afft 1/(1 + rt)) ’ 

where C(v) - aggtegate consumption at time r, u\(v)l.(v) = aggregate net 
labor income at time v, and y„ is dehned with (ft). In the steady state, 

ie,/. + r„A - ^ - a ,9 ^ (n + g + tig)A’. (AS) 

Using (A7), (AS), (4), and (5) yields (ti). Individual wealth is given by 


A(t + I) - (1 + r, 


+ y iuck _y visjii 

a . .,y fa (i + t.y 


where.4(/ + 1) = wealth at the beginning of age l + l,x — /lor 1 sisH,» 
■= R for R + Isis/, and 4(1) = H. At the beginning of time (v + 1), 

, (ojiMic; 

D 

vx (I /1 t _ \ / i i ... \1 / ^ ^ \ . t / w 


+ 


where A„,-i(I) = H\ 


P, = /,[*? - (n + g + ng)k r ], 

l\ = 1X. 
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where T, = tax revenue per effective labor under tax i; 




{(1 - lr)w„( 1 + gfAfftO + g)/(l + r,)]}[(l + r„)/( 1 + p)]' 


(1 + P)' 

,0 1 +g)/(l + r.)]p[(l + r„)/(l + p))/ (A13) 

n 

(i + P )J ’ 


w here U„ = lifetime utility of a person who enters at time t> 5/ is defined In : 
V In [(1 + &)C W ] + P In f(l + b)Kj,j _ t . 

frt (l + P)' (i + p)' 

wliere = lifetime utility under the C tax and (('. h , AM) - the path chosen 
under the Y tax. Using the (act that >„ is the same under both the >’ tax and the 
C tax: 


8 = exp 


Af{( --— J • In (1 ~ V*'" . + PI 


+ p/ Ld - A)«’v. 


—Miii] + 3/—!— )' ■ 

- A)«\,J U + p/ 

’"(ttt) * K-nhr)' 


In -—— 

(1 - tjie 


Fiotn (AM) and (A7), with p = 0, 

. + 8, = ^1. 

Henie, in the no-bequest ease 8 ( equals the pet rentage ( h 
consumption per effective labor. 


The Simulation Model 

At time v a person of age I plans f. f lor / — t ./ and A. to maximize t l-'i 

subject to (2-s): 

/ 

,, XT' Inf.’, In A. 

11=) - - + 3 - L--, ( 1 -si 

(1 + P)' (1 + P )' ' 

y f.,/[i — t, (u)i ^ a 1 

Fl U + r m (v)]f ' fl + »„(e)j / ' 

* r '- M 

= d„(/)[] + r„(r>)] + 7. V l 1 ~ (c')]u ( j»)( 1 + g)' 

11 + '..('Ml' ' 
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where Z = 1 for 1 sisfi and Z = 0 for R + I S t ■£ J. Hence: 

W _ l 

1 - t,{v) K* 


A,(0[1 + r„(i»)l + Z 


[1 - Mi'))r’(^) 


1 + r„(v) 


1 + g 


M'f 


1 + g 


1 + r„(v) 


" + * Krbr 


where '/. = I for Is i S R anti Z = 0 for R + [ s | < /; 


K,(v) 


_ 3 _ pm/)h + 


k* 


a + p) 


Using (A4), 


5, is defined by 
/ 

X- 


H(v) - - + 

(I + p)(l + n) 1 


In {1 + 8 

(1 + p7 


i\ , P In (1 + 8 ,)K h _ rrr 

-r : : - t f ~,, 


(i + ' 


(A17) 


(A18) 


(A 19) 


(A I t s) 


whrie l - “resl-of-life” ulilny of a person of age / at time v under l)ie C lax 
and Kg) — the path c hosen under the Y tax I hen: 


8 , - 



( uk, - c; r , ; 

(1 b P)j 

A 4nb) * 61 

(—!_ 1 

1.1 + p 1 



- 1. 


(t'riv - tfts) I urns out to be independent of i>, so that 8, does not depend on 
the tune v chosen to Ix'gin consetsion. 
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Aggregate Information and the Role of 
Monetary Policy in an Open Economy 


Kent P. Kimbrough 

Duke UnivetMfy 


A model of a small open economy in which agenls trade in local 
goods markets and an ecortomv-wide asset market is developed. Pur- 
t hasing-power paiitv is assumed to hold at the aggregate level. How¬ 
ever, because of local deviations from purchasing-power parity, 
agenls possess differential information. Using this framework, it is 
shown that when the exchange rate is flexible monetary policy can 
influence the distribution of teal output by altering the information 
content of the exchange tale. However, when monetary policy is 
committed to fixing die exchange rale (by a feedbat k rule) ihe distri¬ 
bution <>l leal output is independent of the particular exchange rale 
rule chosen. The stability of real output under the two regimes is 
compared, and it is demonstrated that regardless of the stability of 
domestic monetary policy a flexible exchange rate regime is superior 
in this respect. Possible qualifications and extensions of these results 
are also discussed. 


The policy implications of the new classical macroeconomics have 
attracted considerable attention. The most controversial result has 
been the policy-ineffectiveness proposition advanced by Sargent and 
Wallace (1975). Recently papers by Weiss (1980, 1982) and King 
(1982) have demonstrated that this policy-ineffectiveness proposition 
breaks down if agents with differential information transact in a 
common market and thus have access to a common price. Their 


l would like to thank ('.rant Gardner. Geoige Tauchen, and two anonymous referees 
for their helplul comments. See King (19H3) for a closed-economy treatment of closely 
related issues. King's paper came to my attention at too late a stage to be incorporated 
into the body ol the paper. 

(fnunuil of PohtutU Frrmomy, 1984, veil 92, no 2J 

£ 1M8-1 bv Ihe L'nncrsitv «»f C. hit ago All ngtm revived (Kl22-SH08/K4/‘l202»OOO r »$U I Ml 


268 



aggregate information 


269 

arguments hinge on the ability of monetary policy to influence the 
information content of prices that serve to aggregate the diverse in¬ 
formation of market participants. The aim of this paper is to extend 
to the open economy some of these ideas and policy implications that 
have recently emerged from the literature on the new classical mac¬ 
roeconomics. 

The model employed in the paper, and developed in Section 1, is an 
open-economy version of the “island" paradigm popularized by Lucas 
(1972, 1973), which is intended to capture the essential elements of 
the incomplete information view of the business cycle advanced by 
Friedman (1968) and Phelps (1970). Agents trade in spatially sepa¬ 
rated goods markets, with prices differing across markets because 
agents in each market choose different foreign trading partners at the 
start of each period. Purchasing-power parity holds at the aggregate 
level, but there are local (market-specific) deviations. In addition, 
agents also trade in integrated asset markets and thus have access to 
common price information, in particular the exchange tate and 
foreign interest rate. The incorporation of an economy-wide asset 
market into the model makes it similar in spirit to Barro (1980). 1 Since 
agents with diverse information are trading in a common market, the 
framework is well suited for discussing the policy-ineffectiveness 
proposition and when it may break down. This discussion is the sub¬ 
ject of Sections II—IV. Sections ll and III below examine the determi¬ 
nation of equilibrium and the role of monetary policy under a flexible 
exchange rate regime. Section IV examines the role of exchange rate 
policy under a fixed exchange rate regime. Finally, Section \ ■ 
trasts the role of macroeconomic policy under lixed and flexi 
change rate regimes and compares the amplitude of the busim - 
under the two regimes. Possible qualifications and extensions ,n 
discussed. 

Before proceeding, it will be useful to summari/e briefly tli< 
conclusions of the paper. First, it is demonstrated that under Ik . 
exchange rates systematic monetary policy can influence the distuhii- 
tion of real output by altering the information content of the ex¬ 
change rate. This is an open-economy extension of the results derived 
by Weiss (1980, 1982) and King (1982). Second, under fixed ex¬ 
change rates the monetary authorities cannot use exchange rale pol¬ 
icy to influence the distribution of real output, because exchange rales 
fail to convey useful information. Third, it is shown that for a small 
open economy flexible exchange rates are superior to fixed exchange 
rates, in the sense that they result in a smaller variance of real output 


1 Harris and Purvis (1981) use a model similar to the one developed lu re to examine 
exchange rate behavior and market efficiency 
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about its full current information value, regardless of the wisdom or 
discipline with which monetary policy is conducted. 

I. The Model 

The country under consideration is assumed to be a small open econ¬ 
omy. One good is produced and consumed by domestic agents who 
are located in spatially separated markets indexed by the letter z; 
there is no trade in goods across markets at a point in time. I'he 
distinguishing characteristic of each market is its choice of a foreign 
trading partner at the start of each period. Because different domes¬ 
tic markets have different foreign trading partners, commodity prices 
differ from market to market as specified below. However, at the 
aggregate level purchasing-power parity holds—deviations from pur¬ 
chasing-power parity are strictly localized and uncorrelated over time. 
I'he only assets domestic agents are assumed to hold are domestic 
money and foreign bonds. Asset markets are integrated so that agents 
in all markets observe the nominal interest rate on foreign bonds, /*, 
and the (natural logarithm of the) exchange rate. S„ defined as the 
price of foreign exchange in terms of domestic currency. Agents in 
market z also know (the natural logarithm of) their local commodity 
prices measured iri home and foreign currencies, P,(z) and Pf(z). 

The formal structure of the model is summarized by the following 
(all variables are in natural logarithms except for i* and i,, which are 


in levels): 

P,(z) = 5', + T,*(z), (1) 

Pf(z) = pf + z„ (2) 

v„ (3) 

y,(z) = ar,(z) + u t ; r,(z) = Pf(z) - E.P , + i* (4) 

M'f = P, + <f>y, - ki, + w,. (5) 


Expression (1) is a goods-inarket arbitrage condition for market z. 
As shown by (2), goods prices in the local community’s foreign trad¬ 
ing partner, P*(z), deviate from the economy-wide average foreign 
price, P* , by an amount z ( , where z, ~ N((), ai). Foreign prices differ 
across markets because the foreign country is also assumed to consist 
of a set of local markets. Since the home country is small, domestic 
agents take foreign prices and their distribution as given. If (l) and 
(2) are combined, it can be seen that P,(z) = S, + P* + z„ which 
implies that the economy-wide average of local commodity prices (the 
price level) is P, = S, + P*. Therefore, purchasing-power parity holds 
at the aggregate level, but there are local deviations reflected by z,. As 
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shown by (3), it is assumed for simplicity that the stochastic structure 
of the foreign economy is such that the economy-wide average for¬ 
eign price follows a random walk with v, ~ N( 0, of,). 

The local commodity supply function (4) captures the intertem¬ 
poral aspects of the model. An increase in the real rate of return, or 
relative price of current goods in terms of future goods, perceived by 
agents in market z, r,(z), causes them to substitute future for current 
leisure and thus results in an increase in current real output, y,(z). 
The relative price term can be explained as follows: a sale this period 
allows agents to accumulate P*(z) plus the nominal rate of return on 
foreign bonds by period < + 1, while a sale next period is expected to 
yield K z P?+\, which is the expected future foreign price conditioned 
on the information available to agents in market z. Comparison of 
these yields results in the relative price term P,*(z) - E.P*+ t + 1 *. Real 
output is also influenced by an aggregate supply shock, u,, which is 
normally and independently distributed with mean zero and variance 

af. 

The aggregate demand for money, Alf, is given by (5) and depends 
on the economy-wide average levels of local prices, real output, and 
the perceived opportunity cost of holding money, which are given by 
P„ y„ and i,. In addition, there is also an aggregate money demand 
shock, w, ~ /V((), of,). This specification follows from the fact that asset 
markets are integrated and can be viewed as having been obtained !■ 
averaging local money demand functions of the same fon. 
markets. 1'he opportunity cost of holding money as pen. 
agents in market z is the forgone interest earnings on tin 
bond plus the expected rate of depreciation of the domestic 1 
E t S t+ j — S,. Averaging this opportunity cost across market 
that 

i, = t* + (hWi - V/), (<>) 

where E Z S, + 1 is the economy-wide average of local expectations con¬ 
cerning the future exchange rate, E-S l+ |. 


II. Flexible Exchange Rates and Full Current 
Information 

Under a flexible exchange rate regime the domestic money supply is a 
policy variable that is determined by the monetary authorities, and 
the exchange rate adjusts to maintain asset market equilibrium. In 
this and the following section the money supply. A/,, is assumed to be 
governed by the rule 

Af, = Af,-1 + m, + t|n' f -|. 


(7) 
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where t}i is a polity parameter chosen by the monetary authorities, and 
the nonsystematic element of monetary policy, m,, is assumed nor¬ 
mally and independently distributed with mean zero and variance a 2 m . 
The policy rule (7) can easily be altered to allow for a response to 
other lagged shocks without affecting any of the paper’s qualitative 
conclusions. 


A. Solution Technique 

The most straightforward way to solve for the equilibrium under 
flexible exchange rates is to aggregate and then use the method of 
undetermined coefficients to solve for the equilibrium exchange rate. 
Substitution of (l)-(3) into the relative price term, r,(z), yields 

r,(z) = i* + z, + (v, - E z v,). (8) 

Using (8) in connection with the local supply function (4) when av¬ 
eraging across markets gives an expression for aggregate real output, 
y,. When the resulting expression for aggregate real output is com¬ 
bined with (5)—(7) and the expression for the price level, P„ that 
emerges from (1)—(3), it can be shown that asset market equilibrium 
requires 

(l + \).S', = Mi-1 + m, + t|n»,-i _ P *-1 - (1 + (j>a)u, - (f> m, - w, 


+ (\ — 4- tjxx/tji', +• \E Z S,+ i, 


(9) 


where E z v, is the economy-wide average of E z v,. 

Applying the method of undetermined coefficients amounts to 
“guessing” a solution for the equilibrium exchange rate of the form 2 

S, ~ 7T„ + IT i Af, -l + Tl^P* l + Wt - | 


+ TT) lHf + + 7T,;M, + Tt-jU',. 


( 10 ) 


The assumption of rational expectations requires that the expected 
future exchange rate be found by updating (10) one period and tak¬ 
ing expectations conditional on all available information (which de¬ 
pends on the market in which an agent is currently located). With (7) 
and (9) this procedure yields 

E Z S,+ i = rr,, + it, (AT i + E z m, + _ i) 


+ tt 2 (P* i + E z v,) + 7T :i b>,. 


( 11 ) 


1 Note that local deviations (iom porthasing-power parity do not influence the ex¬ 
change rate, since it is determined in an economy-wide asset market. 
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Finally, the -n coefficients can be found from (9), (10), and the econ¬ 
omy-wide average of ( 11 ). 


B. Equilibrium with Full Current Information 

When agents possess full current information, E.m, = m, and E,v, = 
v,. From (11) this can be seen to imply that E Z S, *. i = E Z S, + \. With these 
facts, solutions for the full current information it's (denoted by a 
tilde) can be obtained. These solutions are fro = (\ - <f>a)t*, ff| = if t 
= 1, fT 2 = - 1, ffs = <|», *5 = - 1 + [X4#/( 1 + \)J, TTo = — 4>/( 1 + \), 
and it-t — ~ l/( 1 + A). 

Regarding the real equilibrium of the economy, it can be seen from 
( 8 ) that under full current information the real rate of return per¬ 
ceived by agents in market z is 

r,(z) = i* + z,. ( 12 ) 

With this in (4), it follows that the lull current information level of 
real output in market z is 

y,(z) = «(/* + z,) + u,. (13) 

As can be seen from this expression, a positive value ol z, causes 
agents in market z to increase their real output relative to the aggre¬ 
gate level, y, = at* + u,. The reason for this is that agents m mat ket - 
are aware that the real rate of return in their market is un' 
high, and in order to take advantage of this opportunity tin 
tule future for current leisure. This expansion in cut tent 1 .1 
ply results in an increase in real output in market z. 


III. Flexible Exchange Rates and Incomplete 
Information 

In the previous section the benchmark case of full current informa¬ 
tion was considered. In this section it is assumed that agents must use 
the market prices they observe to make inferences about the state ol 
the economy. These prices will not, in general, perfectly texeal the 
state of the economy, and agents will thus have to make their supph 
and demand decisions on the basis of incomplete information. Equa¬ 
tions ( 8 )—( 11 ) of Section 11A continue to hold in this instance. The 
main difference is that in solving the model E.m, and E.v, cannot 
simply be replaced by their actual values as under full current infor¬ 
mation. 
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A. Extracting Information from Prices 

[n the model employed here agents observe four market prices—the 
nominal interest rate on foreign bonds and the exchange rate, both 
economy-wide prices, and their own local commodity prices, P,(z) and 
Pf(z). Only two of these prices, the exchange rate and the local 
foreign currency commodity price, are useful to agents in their at¬ 
tempt to assess current economic conditions. This follows from the 
fact that, in the interest of parsimony, the nominal interest rate on 
foreign bonds is assumed to be uncorrelated with any contemporane¬ 
ous shocks and that P t (z) is redundant given the arbitrage condition 

The problem confronting agents is to use the information at their 
disposal to form conditional expectations of the current shocks. Equa¬ 
tion ( 10 ) indicates that the information content of the exchange rate is 
ir, t m, + Vr>v, + Try, u, + iTyuq. and from (2) and (3) it follows that the 
information content of P*(z) is v, + z,. From (11) it can be seen that a 
solution to the model requires explicit calculation of E.m, and E z v, 
only. These expectations are given by 

E z m, - 0|(-rriW ; + nv.tf, + nyu, + ir 7 it.',) + + z,), (11) 

E.v, = P i (-if ( m, + Ttr,v, + -n 6 u, + TT 7 it’,) + 0 2 (t’, + z,), (15) 

where 

_ tt,c rjir'i + cr'i) - it ,ir erf, 

01 -A-• 6li -A-' 

_ it r.a'io'i _ aU-n'Wi + + Tt'Wt) 

U,---, p, == --~—— • 


and 


A - (a f + 


<Tx)(t rVi 


+ + 1770;,,) + itT,<17.07 > 0. 


li. Equilibrium with Incomplete Information 

The first step in providing a complete solution to the model would be 
to use the method of undetermined coefficients to solve lor the it's, 
0’s, and P’s. However, this paper is concerned primarily with the 
behavior of real variables, and it turns out that quite a f ew conclusions 
can be drawn without solving explicitly for these coefficients . 1 For the 


1 It would be possible, without altering any corn lusions, to extern! the model to allow 
for the foreign nominal interest rate to Ik- correlated with current shocks, and in 
particular those influencing economy-wide foicigu prices This could be done along the 
lines of Flood and Mat ion (11182). 

1 About the best that can be done in this respect is to substitute out lor the 0's and (3 s 
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discussion that follows it is sufficient to note that ir, = if, for i = 0 , 
. . . , 3 , since agents continue to know the economy’s past history. 

In order to examine the real equilibrium, it is convenient to solve 
the model in terms of the deviations of the incomplete information 
values of local relative prices and real outputs from their full current 
information values. From ( 8 ) and (12) it can be seen that 

b(z) - f,(z) = v, - E t v b (16) 

and from (4) it follows that 

?/(z) - >/(z) = a(v, -£>,). (17) 

Therefore, deviations of real variables from their full current infor¬ 
mation values arise solely from the errors agents make in predicting 
the economy-wide element of the contemporaneous foreign price 
shock, v,. Since agents observe P*(z) = v, + z,, expectational consis¬ 
tency requires that E z v, + E z z, = v, + z t , which implies that v, - E.v, = 
E t z, - z,. Hence if agents in market z underestimate the economy¬ 
wide component of the foreign price shock, they will overestimate the 
local component by the same amount and mistakenly perceive the 
local real rate of return to be unusually high, as indicated by (16). 
This will cause agents to increase their current labor supply and cause 
real output to exceed its full current information value, as shown by 
(17). A similar story can be told if agents overestimate the economy¬ 
wide component of the foreign price shock. 

In order to determine how agents respond to various cimem 
shocks, note from (15) that 

v, - E z v, = (1 - piTTr, - p 2 )r' ( - p : (lT,m, + t r () n, + ir 7 tc,) 


It can be shown from the expressions for pi and p 2 presenu<' 
and from the fact that ir r> = -[1 + <J>a - X 0 2 + (X - <|>a 
+■ \(1 — 8|) + (X — <J)a ~ Xifi)P i ] that 1 - Pi it-, - p 2 = o' 

+ izycrl,)/A 5* 0 and that p 2 3* 0. Therefore, as can be s< ■ 

(17) and (18), increases in (he economy-wide component c 
foreign price shock, v,, raise real output relative to its lull cumin 
information value, while increases in the local component. reduce 
real output relative to its full current information value. That is. real 
output responds “too much” to aggregate shocks and "not enough" to 
local (or relative) shocks. The reason for this is that whenever a posi- 

iii the expressions tor it t , it.,, it,,. and n 7 The solutions lor these toollulouts u ill then lx* 
implicit in the resulting polynomial equations. However, lew insights can lx* gained 
from this tedious exenise, the results of which are available from the author on re¬ 
quest this dilhculty is a general feature ot macuneconomic models with differential 
information such as the one presented here (see, e g , Barro 19H0; King IW21 
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live aggregate foreign price shock occurs, agents mistakenly perceive 
part of the change to be the result of a positive local shock, in which 
case they would like to expand current real output to take advantage 
of the high local real rate of return. A similar story explains the 
effects of local shocks/’ 


C. Effectiveness uf Monetary Policy 

A key feature of the model presented here is that the policy rule 
chosen by the monetary authorities can influence the distribution of 
real output (and the perceived real rate of return). It can do so be¬ 
cause agents have differential information but transact in a common 
market, and hence there is room lor monetary policy to be effective 
by altering the information content of commonly observed market 
prices. In this case it is the information content of the exchange rate 
that can be altered by monetary policy. Insight into this result can be 
obtained by noting from (11) and the solutions for ir () , -tt,, -nra, and -n$ 
that 

l = + Ejn, + bl> - l)Ej'„ 

where .S'" = rr 0 + 7ti(Af/-t + -i) + vP* i> is that part of the 

exchange rate that can be predicted on the basis of past information. 
Substituting this into (9) and rearranging yields 

(1 + \)(S, - .V") = [m, - (1 + d>ot)r», - <f>«, - it'/] 

+ {\E,nti + f<i>a +• X(t|t - l)]£,r,}. 

Since .S'" is known to all agents from their knowledge of th'e economy’s 
past history, the right-hand side of (19) describes the new information 
conveyed to agents by the current exchange rate. This new informa¬ 
tion has two distinct components: the hrst concerns the combination 
of aggregate shocks m, — (I + 4>a)e, — <i>u, — w,, and the second 
market expectations as reflected by the term KE : m, + [<j>a + X(tjz - 
l)]£ x iy If agents in different markets are differentially informed they 
will not know the market expectations component of (19), and be¬ 
cause of this noise they will form different expectations of the aggre- 


’ Aggregate demand tor this economy will have ihe same torm as the aggregate 
supply function obtained by avciagmg (4) across all maikets, except that it will be 
inveisely related to the perceived real rale of return. Therefore, under flexible ex¬ 
change rales the trade account will respond "too much” to aggregate shocks—the 
capital actount will behave similarly (since the two must add to zeio). Furthcrmoie, the 
model piedicts that the iradc-atcount surplus will be positively unrelated with real 
output over the business cycle. Under fixed exchange tales similar results hold lor the 
trade balance, but its movements need not be mirrored by the capital account because 
of fluctuations in the balance of payments. These remarks assume that wealth effetts 
are small. See Stockman and Koh (1982) for a discussion that includes wealth effects. 
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gate shocks component, m, — (1 + 4>a)u, — <j>u, - w,. Monetary policy 
can alter the distribution of market expectations through its impact 
on the information content of the exchange rate, which arises because 
the policy parameter tj/ enters the second term of (19). The policy 
parameter 4* enters (19) and thus influences the information content 
of the exchange rate, both directly and indirectly, through its effect 
on the endogenous expectations E z m, and E z v,. Because monetary pol¬ 
icy can alter the information content of the exchange rate, it can 
influence the distribution of real output about its full current in¬ 
formation value since this distribution depends on agents’ forecast 
errors. 0 

In the case where there are no local deviations from purchasing- 
power parity, agents are not differentially informed and local and 
market expectations are identical (i.e., E.m, - E t m,, etc.). Therefore, 
monetary policy cannot alter the distribution of real output since all 
agents know market expectations and can thus reduce the informa¬ 
tion content of the exchange rate to its aggregate shocks component, 
m, — (1 + <t>oi)i', - 4>u< — ay, which is independent of the policy 
parameter ij/. 7 However, agents still have incomplete information 
since they cannot accurately predict the four remaining shocks (»«„ u„ 
v„ and w,) from the knowledge of the exchange rate and lotal f oreign 
currency prices, Pf(z). This means that monetary polity does not 
attain potency simply because agents lack full current information. 
On the other hand, when local deviations from purchasing-power 
parity are present, monetary polity is able to influence the distribu¬ 
tion of real output. But in this case, agents not only have m« 
information—they also have differential information l» 
shown by (14) and (15), the market in which they are tun t 1 
colors their view of the slate of the economy. The up'i 
monetary policy is able to influence the distribution of u 
only to the extent that agents transacting in a common u 
incomplete and differential infoimatiou. 

Finally, to see that monetary polity gains its leverage bciam-t 
ability to alter the information content of the exchange rate, not <i! 
local prices, note that the recursive projection formula implies that 

*>| = £zM/ , ,*(*)I + ii>, - EAx'ArfwWs, - A? - - .slKuilh 


’M the policy rule (7) were extended to include othei lagged shocks. the |>oln\ 
parameters attached to them would also influence the diMi ibution <>l teal output Hood 
and Hodriek (1982) have shown that feed back on the cut tent exchange late is uiele- 
vant for the distribution of ical output, since it is observed b\ pm ate agents 

When there are no local deviations from puichasing-powet pants \,(-) - \,(:) m the 
setup adopted here since knowledge of / > *(z) fullv reveals r, If foieign pines wete 
•subject to both peimancnt and tiansitoiy shocks this extieme result would not hold 
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which follows from the fact that agents observe P*(z) and S, - S,°. It 
can easily be demonstrated that 


PAv,\P*(z) 1 = y(v, + *,): 


7 = 


a:, + at 


( 21 ) 


Since the first term of (20) is, therefore, independent of the money 
supply rule, it follows that monetary policy influences agents’ predic¬ 
tion errors, and hence the distribution of real output, because of its 
ability to influence the information content of the exchange rate as 
reflected by the second term of (20). This has important implications 
for the comparison of the variance of real output under fixed and 
flexible exchange rates that is taken up in Section V. Before turning 
to this issue, however, the next section will consider the case of a fixed 
exchange rate regime. 


IV. Fixed Exchange Rates 

Under a fixed exchange rate regime, which here means any system in 
which the exchange rate is set hy a feedback rule, the monetary au¬ 
thorities sacrifice control of the money supply in order to manipulate 
the exchange rate. For simplicity, it is assumed that the monetary 
authorities set the exchange rate according to the rule 

S, = -S,_i 4- pe, ,, (22) 


where p is a policy parameter reflecting the extent to which exchange 
rate changes are used to offset (p < 0) or reinforce the price-level 
effects of past foreign price shocks. This particular rule has been 
chosen to parallel the money supply rule (7) that was used in the 
discussion ot flexible exchange rates. 8 The rule can easily be general¬ 
ized to allow for a policy response to other lagged shocks without 
altering any of the conclusions of this section. 

Because the monetary authorities are committed to buy and sell 
foreign exchange in order to support the exchange rate rule (22), 
movements in the money supply replace the exchange rate as the 
mechanism that equilibrates the asset market. From (22) it can be seen 
that EA+1=5, + pE z v„ and with this and (22) in the asset market 
equilibrium condition (9), it can be shown that the money supply must 
satisfy the condition 


Af, = 5,-i + pt',-1 + P*~ i + (1 + 4>a)i', + tfm, + u’, 
— (X — 4>a)i* — (<}>a + \p)E i v t . 


(23) 


" No laiulom dement comparable to m, is int lotted in (22) situe il would be revealed 
to agents via their observation ot the current exchange rate. 
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Equation (23) can be used to solve for the equiiibrium money suppiy 
under full current information and incomplete information. How¬ 
ever, as before, this is not done explicitly at this point, since it is the 
behavior of real rather than nominal variables that is of primary 
concern. 

As in the flexible exchange rate case, it is still true that deviations of 
real variables from their full current information values arise only to 
the extent that agents make errors in predicting economy-wide 
foreign price shocks. Therefore, in the case of incomplete informa¬ 
tion, (16) and (17) continue to hold under fixed exchange rates. To 
solve for the real equilibrium of the model under incomplete infor¬ 
mation and a fixed exchange rate, an expression for /•.'.!>, is needed. As 
before, the recursive projection formula implies that this expectation 
is given by (20). However, since the exchange rate is determined by 
the feedback rule (22), it follows that S, = .S'" and that the second term 
in (20) is identically zero. Therefore, under a fixed exchange rate 
regime the conditional expectation of the economy-wide foreign price 
shock held by agents in market z is given by (21). Substitution of (21) 
into (16) and (17) gives r,(z) - r,(z) = (I - y)v, - yz, and 

>(z) ~ M z ) = «(1 - y)v, - ayz,. (24) 

As in the flexible exchange rate case, real output responds "too 
much” to aggregate foreign price shocks and “not enough" to local 
shocks. 

The major implication of (24) is that the exchange rate rule does 
not affect the distribution of real output even though agents h *■ 
incomplete and differential information.' 1 The reason for t 1 
when the exchange rate is a policy variable determined b\ 
rule, the monetary authorities cannot influence its infotin 
tent. Only to the extent that the exchange rate responds '■ 
conditions, as it does under a flexible exchange rate regin.< 
icy i ules possibly influence the distribution of real output < 
exchange rate by a feedback rule robs the exchange rate of it' n. 
mation content and, for better or worse, deprives the monetaiv au- 
thorilies of any power they might otherwise have had to affect the 
distribution of real output. 

V. A Comparison of Alternative Exchange 
Rate Regimes 

In a comparison of fixed and flexible exchange rate regimes two 
major results emerge. These results are presented and then possible 
qualifications and extensions are discussed. 


Now tlial die policy paiamclci p docs not appeal in (2 A) 
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A. The Role of Policy and the Superiority of a 
Flexible Rate 

The first major result concerns the role of monetary policy under 
fixed and flexible exchange rates. When the exchange rate is flexible 
the monetary authorities can alter the distribution of real output by 
the money supply rule that they choose as shown in Section IIIC. The 
effectiveness of monetary policy in this case arises from its ability to 
alter the information content of the exchange rate when agents pos¬ 
sess incomplete and differential information. 10 In contrast, under a 
fixed exchange rate regime the monetary authorities are powerless. 
Exchange rate policy cannot influence the distribution of real output 
since setting the exchange rate by a feedback rule entirely destroys its 
information content, thus shutting off the channel through which 
monetary policy gains effectiveness. Therefore, when a small open 
economy moves away from a flexible exchange rate toward a fixed 
exchange rate, the monetary authorities lose any ability to influence 
the distribution of real output: it is not simply the case that monetary 
policy works through different channels; rather it works in one case 
and not in the other. This result can be viewed as a rational expecta¬ 
tions counterpart to Mundeli's (1963) results concerning the effec¬ 
tiveness of monetary policy under fixed and flexible exchange rates. 

Second, it can be shown that a flexible exchange rate regime unam¬ 
biguously results in a smaller variance of real output about its full 
current information value than does a fixed exchange rate regime. 11 
That is, a small open economy with a fixed exchange rale can reduce 
the amplitude of its business cycle by adopting a flexible exchange 
rate. To see this, note f ront (17) that the variance of real output about 
its full current information value is directly related to the variance of 
agents’ forecast errors in predicting the economy-wide component of 
the foreign price shock, v c . When the recursive projection formula is 
applied, this forecast is given by (20). Under both regimes the first 
term of (20) is given by (21). However, under a fixed exchange rate 
the second term in (20) is zero, while under flexible exchange rates it 
is not. This reflects the fact that when the exchange rale is flexible 
it conveys useful information, but when it is fixed by a feedback rule it 
does not. Therefore, because a flexible exchange rate provides agents 
with more information than does a fixed exchange rate, and since 
more information always improves (or at least does not worsen) tore- 


10 1 he ahilny of monetary polity to influence ihe distribution of real output in tile 
model presented here is in contrast to results derived by Kimbrough (1983a). The 
difference arises because it is assumed there that all agents possess the same informa¬ 
tion and hence no differential information exists for policymakers to exploit. 

11 Flood and Hodrick (1982) reach the same conclusion for similar reasons using a 
different model. 
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casting accuracy, it follows that adoption of a flexible exchange rate 
will result in a smaller variance of real output about its full current 
information value. In the model presented here, this is true except in 
the limiting case where the variance of the new information contained 
in the exchange rate conditional on the information conveyed by the 
local foreign price, var [.S', — S < ,’|Pf(z)], approaches infinity, since ob¬ 
serving a totally noisy signal provides no information at all. This could 
be the case if, for instance, the monetary authorities refuse to follow 
the systematic part of their policy rule very closely and <x* —» tx. In this 
case, the variance of real output is the same under the two regimes. 
Hence one cannot argue that a fixed exchange rate is to be preferred 
on the grounds that it “disciplines” monetary policy by committing 
the monetary authorities to peg the exchange rate. Regardless of the 
wisdom (in the sense of making judicious choices of policy parameters 
such as 4<) or discipline with which monetary policy is conducted, for a 
small open economy the amplitude of the business cycle should be less 
with a flexible exchange rate than with a fixed exchange rate. 12 This 
“superiority" of flexible exchange rates arises solely because of the 
power of market-determined prices to convev useful information to 
rational agents—a power that is forfeited when policymakers attempt 
to fix the exchange rate hy a feedback rule. It is important to note that 
the superiority of flexible exchange rates holds even though monev 
demand shocks influence domestic prices under floating rates (via the 
exchange rate), while domestic prices are insulated from monev de¬ 
mand shocks (of domestic origin) under fixed exchange rates. 1 he 
reason that this is irrelevant for the relative stability ol 1c.1l . 
under the two regimes is that a small countrv takes the 1 
return, r,(z), which matters for output decisions as giu 
while the two regimes differ in terms of the impact of donu 
demand shocks on nominal prices, intertempoial relative 
small country are insulated from domestic monev dent • 
under both regimes. 


fl. Qualifications ami Extensions 

• here appear to be five important qualifications and possible exten¬ 
sions of the results presented in this paper. These qualifications and 
extensions take three basic forms—altering the information set. 


12 Of course, wisdom and discipline 111 die (ondut I ot monctai \ poln v ,u e desn alile. 
the argument here is not to tile ronliary T he d.iiin is that a small open economv can 
1 educe the amplitude of its business cycle by adopting a flexible exchange rate. 1 ben. 
having adopted a flexible exchange rate, policy makers tan concern themselves «ith 
finding the optimal money supply rule. In the context ot the model piesentcd lieie this 
involves choosing the values for «f< and o'i, that minimize the variance ot real output 
about its full current inhumation value. 
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changing the specification of the local commodity supply function, 
and respecifying or extending the markets in which agents are as¬ 
sumed to transact. 

The first qualification concerns the information set agents possess. 
The main extension in this regard is that agents could be assumed to 
observe monetary aggregates contemporaneously, rather than with a 
lag as in the present setup. This information could be either exact or 
noisy, as in King (1981). In either case, the results would be modified 
in two ways. First, exchange rate policy would be able to affect the 
distribution of real output by altering the information content of the 
observed monetary aggregate. This issue is taken up by Kimbrough 
(19836). Second, the “superiority” of a flexible exchange rate regime 
would be called into question because, although it is still true that the 
information content of the exchange rate is nil under a fixed ex¬ 
change rate regime, the information conveyed by observing monetary 
aggregates might be enough to offset this disadvantage. u One diffi¬ 
culty with this extension, as noted by King (1981), is that if agents 
observe monetary aggregates contemporaneously, then an econome¬ 
trician with data on these aggregates should find them to he uncor- 
related with real output. However, empirical evidence clearly sup¬ 
ports the existence of a positive correlation between money and real 
output over the course of the business cycle. I bis extension must, 
therefore, be reconciled with the empirical evidence before it can be 
accepted as valid. Another extension in the same spirit would he to 
assume that agents know their own money holdings, M,(z), rather 
than the aggregate money supply, M,. As shown in an appendix that is 
available on request, this can be viewed as a special case ot noisy 
information about the aggregate money supply. However, it can also 
be shown that expanding the inhumation set in this manner does not 
alter the paper’s qualitative conclusions concerning the role of mone¬ 
tary policy under fixed and flexible exchange rates and the “supetior- 
ity" of flexible exchange rates. In fac t, the availability of information 
about load money holdings actually strengthens the case ior flexible 
exchange rates. 11 


11 I <> (ompate lived ami flexible exchange lale legmiev in tins <ase simulation 
methods would he needed lo (i) find optima) money supply and exchange iate tules 
and (n) compare ihe stability ot teal output under the two regimes when the optimal 
i ule is in force. The need for siiDul.ition stents horn the fat t that a (losed-lonn solution 
to the model is not readily obtained analytically. 

14 I'nder both fixed and flexible exchange tales, agents observe local foreign cur¬ 
rency pikes and economy-wide inter cm rates. Since local money holdings depend on 
these variables and since foteign prices and interest rates ate not influenced by domes¬ 
tic shocks in the small country case, it follows that agents can reduce the inhumation 
content of lexal money holdings to a combination ot domestic shocks that is title or- 
rclated with foreign prices and interest rates Therefore, under fixed exchange idles 
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A second extension concerns adding a wealth term to the local 
commodity supply function along the lines of Barro (1980). In this 
case, monetary discipline (as measured by a„) is an important factor 
in comparing exchange rate regimes (provided that wealth effects are 
not very weak). It can be shown, however, that as long as monetary 
policy under flexible exchange rates is not too undisciplined (i.e., as 
long as <r?„ is not too large), flexible exchange rates will be superior to 
fixed exchange rates in stabilizing real output. The results presented 
earlier can be viewed as being based on the assumption that wealth 
effects are weak, as reported by Lucas and Rapping (1969). 

Yet a third qualification concerns extensions of the model designed 
to make the country large in some markets. This could be done by 
making the country large in world markets (say small in its import 
market and large in its export market) or by introducing into the 
model nontraded goods or assets that are traded economy w ide. With 
these modifications, exchange rate policy could influence the distribu¬ 
tion of real output by altering the information content of an endoge¬ 
nous price other than the exchange rate, so long as that price is 
observed by all agents. In addition, no unambiguous conclusion re¬ 
garding the amplitude of the business cycle under fixed and flexible 
exchange rates would emerge in this case. This result is due to differ¬ 
ences in the stochastic structure of the economy under the two re¬ 
gimes, as shown by Kimbrough (1983a). These qualifications sene to 
highlight the crucial role played by parity conditions in del icing the 
results presented earlier. 

A fourth qualification concerns private indexing based on tii ! 
local commodity prices or the exchange late. As shown 1 
(1982), such indexing schemes are comparable to monetai' 
that they can affec t the distribution of real output thron 
fluence on the information content of market prices. I 
such an indexing scheme into the present setup would 1 ■ 
implications along the lines suggested by King (1982) I fi 
superiority of a flexible exchange rate m terms of sial 
output would remain intact, since it would still be ttue li, 
change rate conveys useful information when it is flexible hi., 
when it is fixed. 

finally, it should be noted that the model presented here does not 


(he information provided In local mnnev holdings mil noi help ugenls io forecast ; 
However, under flexible exchange idles agents have iv»o hits ol udotm.ition. local 
foreign prices and ihe e\< (range idle, (h.il die uselid in forming tom asls ot ; „ and die 
exchange rale is contaminated Its various domestic shocks Heine the av.ulahilitv ot 
losal money supply in for m.Urort vv ill improve ugenls' tom asiv ol v, Ixx ause (hev t an live 
the knowledge about domestic shocks il provides lo “sli.o pen die mini illation atioul 
’^ c ‘*KK rc ft a,t ' foreign price shock. v„ conveyed to (hem hv die exchange idle 
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include a forward market in foreign exchange. In Kimbrough (1982) 
the model is extended in this direction. There, it is shown that the 
properties of the forward rate as a predictor of the future spot rate 
are a crucial determinant of the effectiveness or ineffectiveness 
of monetary and exchange rate policies and of the relative stability of 
real output under fixed and flexible exchange rates. The omission of 
a forward market in the present model can be viewed in one of three 
ways. First, it can be viewed as an assumption that for the currency of 
the country in question no such market exists, either because of legal 
or other institutional constraints or simply because the market is “too 
thin.” Second, empirical evidence indicates that movements of spot 
and forward exchange rates are highly correlated (see Frenkel 1981). 
This suggests that spot and forward rates convey pretty much the 
same information. Therefore, as a practical matter, the omission of a 
forward market may not be too serious. Third, the model presented 
here can be viewed as making the extreme, but simplifying, assump¬ 
tion that the forward rate is a totally noisy signal and thus conveys no 
useful information (although empirical evidence would certainly con¬ 
tradict this assumption). 

Now that earlier results have been qualified in several respects, it is 
important to reassess them in the light of these qualifications. Regard¬ 
ing the role of monetary policy under flexible exchange rates, none of 
the qualifications just noted alters the conclusion that it can influence 
the distribution of real output so long as agents with incomplete and 
differential information trade in a common market. However, to the 
extent that other endogenous variables besides the exchange rate, be 
they prices or monetary aggregates, are observed by all agents, the 
conclusion that exchange rate policy is ineffective may no longer 
hold. Finally, the superiority of a flexible exchange rate in stabilising 
real output is subject to some qualifications. However, for a country 
that is small in world goods markets and whose nontraded goods and 
assets are close substitutes for traded goods and assets, so that their 
prices are closely aligned with world prices, adopting a flexible ex¬ 
change rate is likely to reduce the amplitude of the business cycle (if 
wealth effects are weak and/or monetary policy is disciplined). This 
result highlights the role of market-determined prices in facilitating 
the efficient allocation of scarce resources by conveying useful infor¬ 
mation to rational agents. 
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(a this paper we analyze the determinants of international move¬ 
ments of physical capital in a model with uncertainly and inlet na¬ 
tional trade in goods and securities. In our model, the wot l<l allot , 1 - 
lion of capital is governed, to some extent, by the asset prefeientes 
oldisk-averse consumer-investors. In a one-good variant in thcspitit 
of the MarDotigall model, we find that leiatise factor abundance, 
relative labor fence si/e, and relative piodtietion riskiness have sepa- 
late but inteiielated influences on die diicclion of e<|uilihrmm capi¬ 
tal movements. 1 he.se same lac tors i email) important in a two-good 
version with Hec ksclier-Ohlin piodtietion structure. In this ease, the 
diteetion of physical c apital (low is determinate (unlike in a even Id ol 
certainty) and may hinge ott (he identity ol (he factor that is used 
intensively in the industry with random technology. 


I. Introduction 

The theory of international trade has been extended in recent years 
to incorporate uncertain trading enviiomnents. The early writers in 


I his paper was wiinert while (liossman was visiting Tel-Aviv t'nivelsay. He thanks 
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Institute (or Economic Research for financial assistant e for the typing ol this paper and 
to Aiiuash Dixit, hill Ethier, F.lhanan Helpmau, Mike Katz, Victor Noiman, Jose" 
Scheinkman. Carl Shapiio, and t.ars Svensson lor comments on an eatliet (hah 
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this area (e.g., Kemp and Liviatan 1978; Turnovsky 1974; Baira 
1975) argued that the introduction of randomness into the standard 
deterministic models had proven to be very damaging to many or¬ 
thodox results, including those concerning the pattern of trade. How¬ 
ever, as Helpman and Razin (1978«, 1978i) later showed, many of the 
negative findings were due to the implicitly assumed absence of mar¬ 
kets for international risk sharing in those early models. When inter¬ 
national trade in equities is admitted as a possibility, a number of the 
familiar theorems are restored. Under such conditions, if uncertainty 
takes the form of industry-specific (but not country-specific) multipli¬ 
cative technological shift factors, and if certain restrictions are placed 
on agents’ utility functions, then, as Anderson (1981) has shown, the 
usual comparative cost consideiations reemerge as the determinants 
of the pattern of trade in securities. 1 Trade in commodities may also 
be predicted by the cost-based (i.e., Ricardian and lleckscher-Ohlin) 
theorems, at least in an “on aveiagc" sense. 

International movements of physical capital, even more than the 
flow of goods, may be influenced by the existence of tec hnological 
uncertainty. The worldwide allocation of capital takes place largely 
before the resolution of uncertainty and is motivated by, among other 
factors, the desire of risk-averse agents to hedge against risk. Capital 
flows not only into those sectors and countries where its expected 
marginal product is high, but also into those which singly or together 
provide investors with a relatively stable pattern of income atmsv 
states of nature. 

Risk considerations have long occupied a central position 11 
of the international flows of financial capital. The diversihc at 
live seems equally relevant for movements of physical capi, 
indeed the hedging of uncertainty is often cited in inform., 
sions as the motive for instances of direct foreign investment 
our knowledge, there has been no attempt in the trade litei.ituu 
incorporate production risk explicitly into a formal model that detei - 
mines the pattern of trade in (physical) capital."’ 

In this paper we study the interrelationship between international 
capital movements and international trade in securities under condi- 


'Strictly speaking, when the landotn Hue tu.itions in each iiulustiv air pulectl\ 
ion elated across countries, comparative lalx>r costs explain the pattern ot Made in 
securities in a Ricai dian-type model without any lestiictums on utility functions (see 
Helpman and Razin 197Hd, 1978b). I he conn (button ot Andcison (1981 1 was to pn>- 
v »de the conditions under which the Heckscher-Ohlin and Tra\t\-Vanck theou ms 
extend to situations of umettaiiuv 

baton and (iersovitz (198*2) have developed a model ot plnsual capital mobihts 
incoipcnating the nsk of expiopiialion. then papei complements this one, which 
deals only with production risk. 
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tions of technological uncertainty. The problem takes on greatest 
interest under the assumption that random disturbances in an indus¬ 
try are not perfectly correlated across countries. Interestingly, the 
existence of such uncertainty introduces some fundamentally new 
elements into the determination of the direction and level of capital 
movements. Essentially, the general equilibrium supply functions for 
real equities derive from the familiar supply relationships, but the 
demands for equities also have an important qualitative effect on the 
equilibrium allocation of resources, even when all individuals in both 
countries have identical and homothetic tastes for goods and assets. 

We begin, in the next section, with a model in the spirit of Mac- 
Dougali (1960). In additional to the usual influence of the autarky 
factor-endowment ratios, we find an important role for the relative 
sizes of the labor forces and for the distributions of the random tech¬ 
nology variables in the determination of the volume and direction of 
capital movements. Indeed, capital may flow to the relatively capital- 
abundant country, even if the riskiness of the two countries as invest¬ 
ment environments is the same. 

In Section III, we extend the model to include an internationally 
traded bond. Under a restriction on the utility functions that is analo¬ 
gous to that needed to prove the Heckscher-Ohlin theorem (i.e., in¬ 
ternationally identical and homothetic tastes for goods and assets), the 
introduction of the bond market does not alter the conclusions of 
Section II. 

Finally, in Section IV, we investigate a two-good variant, adopting 
the framework of the Heckscher-Ohlin model. Whereas the nonran¬ 
dom model is characterized by perfect substitution between commod¬ 
ity trade and factor movements (see Mundell 1957), and therefore by 
an indeterminacy in the level and direction of goods trade and capital 
movements, the equilibrium conditions under uncertainty determine 
nontrivially the volumes of all these flows (as well as trade in securi¬ 
ties). * Under the assumption that technology in one of the industries 
in each country is nonstochastic, we are able to identify the separate 
roles of the relative sizes of the two labor forces and the relative factor 
intensities of the two industries in the determination of the direction 
of physical capital movements. 

Our results are summarized in a concluding section. 


5 When industry-specific shocks arc |>crfc<tly conelated across countries, fatloi- 
prices equalization obtains even in the cuni-uncertainly model, provided that both 
countries arc incompletely specialized in equilibrium (see Melpman and Razin 1978a). 
In this case, the intcrcountry allocation of the world's capital Mock is again indeter¬ 
minate. 




CAPITAL ALLOCATED »- CAPITAL ALLOCATED 

TO HOME COUNTRY TO FOREIGN COUNTRY 

Fk. ! 

II. The MacDougall Model with Uncertainty 

The simplest model in which capital movements can he anal)/eel is 
one with two countries, one good, and two factors. MacDougall (I960) 
developed such a model to study the welfare implications ol capital 
movements in a deterministic world under a variety ol assumptions 
about technology, the behavior of labor, market structuie, and tax 
policy. 

In this paper, we are interested only in the positive implications of 
the simplest variant of the MacDougall formulation (i.e . <«>e ■ 
returns-to-scale production functions, fixed labor supplier 
competition, and laissez-faire). In this case, equilibrium is < 
bed by equalization of the marginal products of capital m 
countries. Such an equilibiium is illustrated in figure 1. u 
horizontal dimension of the box represents the fixed wolf 
mcnt of capital, and the marginal product of capital as a tin. 

• he capital allocated to the home (foreign) countrv is plotted " 
respect to the origin at the left (right) of the figure. I he equilihiuuu 
allocation is at E, while A | and are two possible aularkv allocations. 
' At A,, the marginal product of capital at home exceeds that m the 

* foreign country, whereas the opposite is true at A_> Suppose produc- 
r lion functions are the same in the two countries Then d, must be 

• characterized by a higher capital-to-labor uitio abroad than ai home 
*and A 2 by the reverse situation. Evidently, if technologies are the 
Ssame and nonrandom, capital Hows to the country that, in autarkv, 
„ has a greater relative abundance of labor. 
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We begin our analysis of capital movements under uncertainty by 
introducing multiplicative technological randomness into each of the 
countries of the MacDougall model and allowing for international 
trade in equities in the manner of Helpman and Razin. 

Let the S possible states of nature be indexed by a, a = 1,2, .... S. 
Kach state of nature is defined by the realization of two country- 
specific landom variables, 0(a) and 0*(a), corresponding to the state 
of technology in the home and foreign industries, respectively. 1 The 
output of thejth home-country (irm in state a isX,(a) = 0(ot )F(L p K,) 
for a = 1,2.6’ and j = 1, 2, ... ,J, where F is a standard, quasi¬ 

concave, constant-returns-to-scale production function (the same for 
all firms), / v is the firm's labor input, and K, is its input of physical 
capital. Similarly the output of the^th foreign firm in state a is given 

by X*(a) = 0*(a )F(J*. K'f) for a = 1,2. S and / = 1,2__ J*. 

The production function for foreign fit ms is identical to that for 
home firms, but the multiplicative uncertainty tei in, which is the same 
for all firms within each country, is not necessarily the same for firms 
located in different countries. With these assumptions, firms in each 
country can be aggregated to the industry level, so that henceforth we 
omit the j subscripts. 

Firms in each country choose their inputs prior to the resolution of 
uncertainty. It is a well-known result that when technological uncer¬ 
tainty enters multiplicatively, as has been assumed here, stockholders 
are unanimous in their desire that firms act so as to maximize their 
net stock maiket values (i.e., gross values less factor payments). Let q 
and q* be the prices of a unit of real equity in a representative home 
and foieign firm, lespectively, with q = 1 by choice of numeraire. A 
unit of real equity in a home firm pays 8(a) units of the (single) 
consumption good if state a is realized. Similarly, 0*(a) is the return to 
a unit of the foreign equity. Home and foreign firms produce Z = 
F(L, K ) and Z* = F(L *, K*) units of real equities, respectively, which 
have gross stock market values of F{L, K) and q*F(L*, K*). Thus, the 
home-country industry chooses l. and K to maximize F{L, K) - wL — 
rK, where w is the home wage rate and r the home rental rate for 
capital, both expressed in terms of home equities. The first-order 
conditions lor maximization are 

/•',(/., K) = u-, (1) 

/•*</-, K) = r. (2) 

The foreign industry seeks to maximize q*F(I *, K*) - u>*L* - r*K* 
and thus chooses I* and K* to satisfy 


We use asterisks to icfcr to variables lor the foieign country 
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(3) 

(4) 


?*/>(/-*, K*) = w*, 
q*F K {L *, K*) = r*. 

Capital and labor endowments in the home and foreign countries 
are K and K *, respectively, and labor endowments are L and /.*. 
Labor is internationally immobile, so that the labor markets must 
clear separately in each country. In equilibrium, we have 

L = L, (5) 

L* = T*. (6) 

Capital movements are costless and unrestricted, which implies the 
existence of a unified, world, physical capital market. The conditions 
lor equilibrium in this market are 

K + K* = K + K*, (7) 

r = r*. (8) 

We turn finally to consumer behavior. Consumer-investors in each 
country are endowed with physical capital, labor, and shares of own¬ 
ership in firms. Prior to the resolution of uncertainly, each individual 
sells his factor endowments, beats his fraction of each fit in's factoi 
costs in accordance with his initial ownership, anti buys and sells 
shares of stock in the various firms. 

Let V"|/ , (° I )I be the concave, von Neumann-Morgenstcrn (indirect) 
utility function for individual 1 , where/'(a) is the individual's income 
in state a. Suppose the individual were to hold in his ultimate port¬ 
folio z' shares of stock in home firms and z*' shares in foreign fit ms 
I hen his income in state a would be /'(a) = G(a)z‘ + 0*(a):' 
portfolio choice problem of this individual is to maximize ex; 
utility, given (common) subjective beliefs about the probabthiv • 
bulion for the states of nature and subject to the budget coiim 
that the cost of his portfolio not exceed the value of his initial 1 
merit. That is, the individual solves max,.,;.- /•T' , {0(u)i' + 0*(u)- 
ject to z' + (/*z*‘ = u'L' + >K‘, where /.' and K‘ are the individual 
initial endowments of labor and capital, respectively. Note that with 
constant returns to scale, the equilibrium value of any initial shaie- 
holdings by this individual is, after factor payments are made, equal 
to zero. The portfolio allocation that solves this problem (assuming an 
interior solution) must satisfy 

+ e*(a)z*'] = 

£0(a)V'}[e(a)z' + 0*(a)i*'] ' ‘ 

where VJ( ) is the marginal utility of income. 
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The model is dosed by the world market-clearing conditions for the 
real equities of firms located in each of the countries; that is, 



'y z *> = 


( 10 ) 

(ID 


where the summation is over all individuals in the world. 

Before proceeding to an investigation of the properties of the curn- 
factor-movements equilibrium, we choose to place a restriction on the 
form of the utility functions that is analogous to the one often invoked 
in nonstochastic trade models for proofs of theorems on the determi¬ 
nants of commodity trade. In the present context, the assumption is 
that all consumers, worldwide, have identical and homothetic prefer¬ 
ences over equities. The purpose of this assumption is to neutrali/e 
any bias in the pattern of trade in securities or in the direction of 
capital movements introduced on the demand side by differences in 
tastes or by income distributional considerations . 5 

For consumers’ preferences over securities to be identical and 
homothetic, it is sufficient that they all have utility functions that 
exhibit identical and constant relative aversion to income risk; that is, 
that their utility functions be of the form F(-) = (/')' ~ y /( 1 - y), for 
some 7 t 4 1, or of the form V(-) = log (/'). If the utility function takes 
one of these forms, (9) can be rewritten as 

£9*(q)F,ie(q) + 8*(q)£') _ 

£8(a)l//[e(a) + 0*(a)z'] / 

(where z‘ — z *'/z'), from which it is clear that the relative holdings of 
the two stocks in any investor’s portfolio are independent of his na¬ 
tionality or level of wealth. 

Identical, homothetic preferences have the property of being ag¬ 
gregate. That is, world demand for assets can be consistently repre¬ 
sented by a set of community asset indifference curves of the form 
£T[ 8 (q)z + 8 *(a)z*J = V. These also represent demand in each coun¬ 
try taken separately. Utility is a quasi-concave function of asset hold¬ 
ings, and is strictly so, if individuals are risk averse (i.e., V tt < 0) and if 
8 (q) and 8 *(q) are less than perfectly correlated. 

The nature of the world equilibrium with free capital movements is 


’ Anderson (1981) was the Inst to rccogm/e the relevant e of this assumption in I he 
context ot the Helpman-Ra/.m model ot trade in goods and set unties. When, in Set 
1V, we introduce a second good, our assumption will he that prefetences over goods ait 
identical and homothetic as well. 
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best understood with the aid of figure 2. For illustrative pm 
depict a situation in which 0(a) and 0*(a) have identical dtstt 
In quadrants IL and IV, we draw the production function 
equities in each country as a function of the amount of capu.u 
there. The sum of the allocations of capital to the two countiu - 
constrained by equation (7) to be equal to the exogenous wot Id sup¬ 
ply. This constraint is represented by a straight line with a slope of 
"1 iti quadrant III. Together, these constraints trace out, in quad 
ram IV, a world transformation locus, 7T', relating the feasible sup¬ 
plies of the two real equities. Each point on the frontier corresponds 
to a particular division of capital between the two countries. The slope 
of the transformation curve at any point is given hv - h\(l.. 

K*). ' 


In other winds, we suppose lot the sake ol the <li.ty;i .1111 that the |omt dciistis 
1 unction for the two random variables, tf/(■, ■), satisfies 0*1 = sp( 0 *. B) 
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A representative of the family of hoinothetic asset indifference 
curves is depicted in quadrant IV by VV'. The slope of VV' is given by 
(the negative of) the marginal rate of substitution of assets, that is, by 
the left-hand side of equation (9). Under the assumption that 0(a) and 
0*(a) are symmetrically distributed, the slope of VV' must be — 1 
where z = 2 *. 

World equilibrium occurs at E, the point of tangency of an asset 
indifference curve and the world transformation locus. This is be¬ 
cause consumers set (the negative of) the marginal rate of substitution 
between assets (MRSA) equal to the relative price of securities (eq. 
[9J), while competition in the world market for physical capital leads 
to equality between (the negative of) the marginal rate of transforma¬ 
tion (MRTA) and the relative price of securities (eqq. |2], [4], [8]). 

In the diagram, the deterministic equilibrium, or “MacDougall 
point," is labeled A/. As we have noted, the deterministic equilibrium 
is characterized by E K (L, K) = A'*), so the marginal rate of 

transformation at M is - 1. By the concavity of the asset indifference 
curve and the fact that the latter has a slope of - 1 at point D, it 
follows that equilibrium with uncertainty must lie (weakly) between 
the MacDougall point and the 45° line; that is. it must exhibit more 
diversification. If agents are risk neutral, or if 0(a) and 0*(a) are 
perfectly correlated, then the asset indifference curves are straight 
lines with slopes of — 1, and the two equilibria coincide at M. Alterna¬ 
tively, it l. = l .*, the MRTA is - 1 at the 45° line, and again the 
equilibiia coincide. In all other cases, the equilibrium under uncer¬ 
tainty diffets from that for the case of no uncertainty by an amount 
that depends on the degree of relative risk aversion and the cot rela¬ 
tion between disturbances in the two countries. A higher degree of 
relative risk aversion and a less positive (or more negative) correlation 
between 0(a) and 0*(a) tend to render the asset indifference curves 
more concave and thus contribute to a larger distance between points 
A/ and E in the figure. 

The introduction of uncertainty may alter the nature of the capital- 
movements equilibrium either quantitatively or qualitatively. Con¬ 
sider the three potential autarky points at A 1 , A and A |. (Autarky 
production is represented by the point along II' that corresponds to 
the exogenously given initial endowment at, e.g., «i, a?, or «■<.) If 
autarky production is at A,, then in both the deterministic model and 
the model with uncertainty the home country imports capital, but 
more capital movement takes place in the latter case. With autarky at 
A- 2 , capital flows out of the home countiy in both situations, but now 
the introduction of uncertainty lessens the extent of capital movement, 
f inally, if autarky is at A f , the introduction of uncertainty reverses the 
direction of capital movement relative to the outcome in a determin¬ 
istic world. 
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What can be said in general about the direction of capital move¬ 
ment in a one-good world with uncertainly and international trade in 
securities? In order to isolate the separate influences of the relative 
size of the labor forces, the relative factor abundances, and the rela¬ 
tive riskiness of the two countries, we consider, in turn, initial situa¬ 
tions that deviate from complete symmetry along only one of these 
dimensions. Our findings are summarized in three propositions. 

Proposition 1: If 6(a) and 8*(a) have identical distributions and L 
= L *, then physical capital moves toward the country with the smaller 
autarky endowment of capital. 

Proof: The fact that 0(a) and 8*(a) have identical distributions 
implies that the MRSA is — 1 for z = z*. The equality of labor forces 
implies that the MR'I'A is — 1 for Z = Z*. Thus, an equal division of 
the world’s capital slock across countries (K = K*) satisfies all the 
conditions for equilibrium. Also, equilibrium is unique, so capital 
must How from the country in which it is initially abundant toward the 
less well endowed country. 

Proposition 2: If 0(a) and 0*(a) have identical distributions and 
KIL = K*/L*, then physical capital moves toward the country with the 
smaller labor force. 

Proof: If/, is greater (less) than /.*, the autarky point lies along 77" 
above (below) the point where Z — Z*. The MR I'A is - 1 at the 
autarky point—recall that MR I'A = -/'\(Z., *, K*) and that 

F is homogeneous of degree one—and decreases monotonically for 
movements downward along 77". The slope of the asset indifference 
curve that intersects 77" is - 1 at the point where Z = Z* and in¬ 
creases monotonically for movements downward along the transfor¬ 
mation locus. It follows that equilibrium must lie on 77" hetw. ■ 
autarky point and the point where Z = Z*. In equilibrium 
more production of the real equity of the initiallv smallei 
than there is in autarky; that is, capital moves toward the touii. 
the smaller labor force. 

Proposition 3: If A' = A* and /. and /.*. and the distribute 
random variable in the foreign country is riskier than the disto: . 
in the home country—in the sense that 8*(a) = 0*(a) + e(ot), when 
0(a) and 0*(a) have identical distributions. c(a) is independent of both 
0(a) and 0*(a), and £[€(a)] = O'—then capital moves toward the 
home country. 


7 Note that tins ckTmition ol "nskicr” is mute lesliutive tli.ui the notion ot a mean 
pi (.'serving spread, as developed l>v Rothschild and Slight/ (1970) A mean -pusen- 
,n K spread ot 0*(a) would require on!) /*,[c(a> | 8*(a)| - 0 We have mqxtsed the addi¬ 
tional restijrlion (hat e(u) and 0*(u) be independent We also limit mu addition to 
cases where the noise that is added to 0*(a) is independent ol 0(a) I hus. our driini- 
1,0,1 r * s kier implies^but is not implied In, a nuMii-pteseiung spieud 
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= Z* hits a slope given in (9 ) by 

E[0*(q) + e(a)jyj[e(a) + $*( a ) + e(a >L = 

E9(a)V,fd(a) + 'd*(a) + e(a)] 


1 + 


£e(a) V/[6(a) + 6*(a) + e(a)J J 
T0(«)K,[0(a) + 8*(ot) + e(a)j / 


where this equality follows from the fact that 6(a) and 6*(a) are identi¬ 
cally distributed and each is independent of e(a). The second term in 
the brackets is negative, since e(a) anti V/(-) have negative covariance. 

Thus, the asset indifference curve has a slope greater than — 1 at z = 

2 *, while the slope of 7T' is equal to - 1 there. It follows that equilib¬ 
rium is at a point above the 45° line, that is, that capital moves to the 
less risky country. 

fn general situations, the direction of capital movement is deter¬ 
mined by the interaction of the separate influences of relative country 
sue, relative factor abundance, and relative country riskiness. How¬ 
ever, the nature of this interaction t an be quite complex. It is not true, 
for example, that an increase in the riskiness of one country (in a 
mean-preserving spread sense) will always cause capital to How out of 
that country. If the country that becomes riskier also has a smaller 
labor f orce and if the disturbances in the two countries are negatively 
correlated, then the increase in riskiness makes the real equity of that ) 
country a more attractive asset. Intuitively, the extia income the asset 
provides when the marginal utility of income is high outweighs the 
utility cost of the income forgone when marginal utility is low. One 
general statement that can be made is that, ceteris paribus, more 
capital will flow into a country the smaller is its labor force. The desire 
for diversification on the part of consumer-investors implies a ten¬ 
dency for real equity supplies to be equalized. 


III. The MacDougall Model with a Traded Bond 

In the previous section we studied capital movements in a one-good 
model with uncertainty, where the only assets available to consumer- 
investors were risky real equities. In the present section, we extend 
the analysis to incorporate a market for a safe asset (i.e., an interna¬ 
tionally traded bond), while maintaining all of our earlier assump¬ 
tions, including especially the one restricting agents’ asset preferences 
to be identical and homothetic. We will show that this extension does 
not alter any of the conclusions of the previous section. 

Let b' be the holding of an internationally traded bond, with price, 
<jf) t by the ith individual. This asset pays a return of one unit of the 
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consumption good in all states of nature, the consumer-investor 
must allocate his ex ante wealth over three assets, the two real equities, 
and the bond. The first-order conditions for expet led utility maximi¬ 
zation imply, in place of equation (9), the following equations: 

/■:{d*(q)V / [d(a)z‘ + 8*(a)z*' + I/}} _ # 

/•;{0(a)K / (0(a) 2 ' + e*(a)z*' + f>‘]} V ’ 

H{V,[Q (a)z‘ + 6*(a)z*‘ + b’)} 

£{0(a)V/[d(a)z‘ + 6*(a)z*‘ + />’]} q> '' 

The bond-market-clearing condition is 

X*' = °- (H) 

I 

All of the remaining equilibrium conditions of the earlier setup con¬ 
tinue to apply. 

The fact that all individuals have identical and homothetic de¬ 
mands for assets implies that, in equilibrium, each will allocate the 
same fraction of his wealth to any given asset. If the equilibrium bond 
holding of one individual is either strictly positive or strict !v negative, 
such would also he true for every other individual. In either case, 
equation (14) could not he satisfied. It follows that, in equilibrium, b' 

— 0 for all t. Once this fact is recognized, it is clear that the asset 
holdings that satisfy equation (9) will also satisfy equation (12). In¬ 
deed, all the conditions of the capital-movements equilibrium in the 
absence of bond trading are also consistent with equilibrium > ■ 

bond market is assumed to exist. Equation (13), then, serve" 
mine the price of bonds such that in equilibrium all agent' 
take a net position of zero in the market for this safe asset ' 
rnarize this finding in the following proposition. 

Proposition 4: When all agents have identical, homotin 
utility functions, the equilibrium allocation of resources with lui > 
ital movements and free trade in equities and an “inside" bond is 
identical to the equilibrium allocation when the bond mai ket does not 
exist. 


IV. The Heckscher-Ohfin-Mundell Model with Uncertainty 

In a deterministic world with two goods and two factors, international 
trade in goods and international factor movements are perfect substi¬ 
tutes, provided that both countries are incompletely specialized in the 
ultimate equilibrium (see Mundell 1957). In other words, the factor 
price equalization theorem implies that if capital movements are al- 
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lowed, starting from an equilibrium with free trade in goods, no 
movements are actually needed to maintain equilibrium. 8 

In the present section we extend the model of Section II to incorpo¬ 
rate a second consumption good, and therefore a second security, in 
each country. The resulting mode! is a turn-uncertainty analogue of 
the deterministic Heckscher-Ohliti model with free capital move¬ 
ments. In contrast to the results of Mundell for the nonrandom case, 
we find that goods trade is not a perfect substitute for factor move¬ 
ments and that equilibrium generally involves transactions in both 
international markets in determinate amounts. The reason for this 
difference is that without uncertainty the location of production of a 
good is immaterial; with uncertainty the location of production is 
economically lelevant when equities are imperfect substitutes. 

We assume that two goods are produced in each country with capi¬ 
tal and labor and adopt completely the Heckscher-Ohlin production 
structure with regard to equity outputs. As before, the outputs of one 
of the goods (good 1) are stochastic and are given by X = 0(a)F(A v , 
A,) in the home country and X* = 0*(oc)/-'(/-*, A't) in the foreign 
country. The outputs of real equities in this industty are once again 
denoted X and X*, with equity prices c/, (= I) and cf*. For simplicity, we 
assume that the: technology for the second good is nonstochastic. 
I hen the outputs of real equities in this industry .ire identically equal 
to the outputs of good 2 and are related to fact 01 inputs by Y = f«'(/,,, 
A',) and Y* - (>'(/.*, A'*). Shares of stock in firms in industry 2 are 
perfect substitutes, irrespective of the country of location. Let c/,. de¬ 
note the common equity price for shares of funis in this industry, 
mensuicd relative to the price of the home-tommy real equities of 
industry 1. Finally, let j>(a) be the relative price of good 1 in terms of 
good 2 in state of nature a. 

As is known from the works of Helpman and Ra/ 111 , the conditions 
for production equilibrium ate the same as those in the standard 
Heckscher-Ohlin model, except that real equity prices substitute here 
for commodity pi ices. Of course, with capital inlet nationally mobile, 
there is the additional condition that the rental rates tor capital be 
equalized ac ross countries. As in the deterministic model, an equilib¬ 
rium with incomplete spec lah/ation in each country will turn out to be 
possible so long as the ultimate factor endowment ratios are not “too” 
disparate. Since capital is lieely mobile, this implies only a condition 
on the comparative sizes of the two labor forces. We will concentrate 


H Sinulail). goods uade need not emerge if die initial situation is one of I tee capital 
movements As Mundell (1957) has shown, this implies that aii) tariff on goods will be 
prohibitive when capita) is internationally mobile, provided that a situation of incom¬ 
plete specialization is consistent with equilibrium. 
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our attention on those situations where an equilibrium with incom¬ 
plete specialization is possible. 

Consider now the optimization problem of the typical consumer- 
investor. This individual wishes to maximize the mathematical expec¬ 
tation of his ex post utility, defined over his levels of consumption of 
the two goods, ri(a) and r^(ot). Let C[ri(a), r((a)) represent his ex post 
utility function. Anderson (1981) has shown that, to ensure that all 
individuals have identical homothetic commodity and equity prefer¬ 
ences, it is necessary and sufficient to restrict the form of (/(•, •) to be 
any linear transform of a positive power function (of the same degree 
for all individuals) of a homogeneous, quasi-concave f unction (also 
identical for all individuals). 

The individual’s maximization can be thought of as consisting of 
two stages. After the uncertainty is resolved, the individual qua con¬ 
sumer who holds a portfolio of z' shares of firms in the home industry 
1, z*' shares of firms in the foreign industry 1, and v' shares of firms 
in industry 2 in either country has income /‘(a) = Q(a)p((x)z' + 
Q*(ot)p(a)z*‘ + yi'. 9 He allocates this income to maximize ex post utility 
according to the familiar condition 

U [ c ' x (a), <;(u)| 

-= /got). 

U,\>[(a).r\(a)] 

The solution to this second-stage problem can be used to define an 
indirect utility function, V{p(u), /'(a)). 

In the hist stage (i.e., prior to the resolution of uneertaum). the 
individual qua investor sells his initial endowment and allot ” 
proceeds among the three assets to maximize EV |p(«), /'(«'' 
sume that price expectations are formed rationally .it this st.r 
- z*'/z‘ and y' = y'/z‘. Then the first-order conditions foi > 
utility maximization imply 

E{9*(a)p(a)V,\p(a), 0(a)p(a) + 8*(a)p(a)z + v]} 
E{6(a)p(a)V,[p(a), 0(a)p(a) + 9*(a)p(a)z + >]} 

and 

E{V,[p(a), 0(a)p(a) + 8*(u)/>(a)z + y]} = ( 

E{9(a)p(a)V,[p(a), 9(a)p(a) + 9*(a)p(a)z + y]} 

where the fact that asset preferences are identical and homothetic 
allows us to drop the i superscripts. 


Mole ihal tin- ilium lo ,i mm <>l n-.il ojiihv is t«n a In in in ilu- limm 

industry 1 anil is 0*(a)/i(o) tor .i (urn ill the fuirign mdusln I A mill «l u-.i! r<|uin lot 
a firm m uuluslrv 2. ini-spcilise <>t Uxauim, pass a icuuu (it ime unit ot itic inimii.un- 
K'xxl. 
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The model is closed, as before, by market-clearing conditions for 
assets (e.g., = Y + F*, S,z, = Z, etc.). These are augmented now 

by ex post market-clearing conditions state by state for each of the 
goods, that is, 2,r*(a) = X(a) 4- X*(a) and 2,c((a) = Y + Y*. 

We will henceforth restrict our attention to situations where the 
distributions of the country-specific random variables are identical 
(though not perfectly correlated). To understand the qualitative na¬ 
ture of the equilibrium in such cases, consider first the ex post relative 
commodity price that is realized in state of nature a. By the homothet- 
icity of aggregate demands, this market-clearing price is a function 
only of the relative outputs of the two goods, that is, p( a) = n{[0(a)Z 
4- 0*(a )7.*]I(Y 4- Y*)}. Also, in equilibrium £ = Z*/Z and y = (Y 4- 
Y*)/Z. Thus 


p(a) = it 


[6(a) 4- 8*(a)£] 

y 


(17) 


Substituting (17) into (15), we note that if the prices of the two 
industry 1 assets are the same (i.e., q% = 1), then in equilibrium equal 
quantities of the two assets will be held by every consumer-investor 
(i.e., £ = 1). This is because when Z = Z*, Tr(-) is symmetric in 0(a) and 
0*(a), as is V ; (-). Since by assumption 0(a) and 0*(a) have identical 
distributions, the marginal rate of asset substitution is one when the 
securities are demanded equally. Furthermore, by the quasi concavity 
of the asset indifference curves, £ > 1 (< 1) in equilibrium if and only 
if q* < 1 (> 1). Investors demand more of the asset that has the lower 
(trice. 

As we shall show presently, two qualitatively different equilibrium 
configurations are possible. If the two countries are of relatively equal 
size (as measured by their labor forces), then equilibrium will entail 
incomplete specialization in both countries. Alternatively, if one 
country is much larger than the other, the smaller country will spe¬ 
cialize its production in the risky industry (see fig. 3). 

Consider a potential equilibrium in which neither country spe- 


w > w* w = w' w < w' 

Y = 0 Y, Y* > 0 Y* = 0 

Z < Z* Z = Z* Z > V 

-(-1- ) -► L/C* 

1 


REGION OF INCOMPLETE 
SPECIALIZATION 

Fig. 3 
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cializes in the risky industry. In such circumstances, the countries 
produce an identical asset in common (the industry 2 security). Since 
perfect capital mobility implies r = r* always, it follows that full factor 
price equalization (with w = w*) must obtain in this case. Then, since 
(equity) price equals unit cost for the good 1 industry in both coun¬ 
tries 10 and factor prices are equalized, we must have q* - q x (= 1 ). 
Finally, recalling our discussion of asset demands, we conclude that 
an equilibrium with incomplete specialization in both countries is 
characterized by Z = Z*. Note that such an outcome must result, for 
example, when L = L*, in which case an equal distribution of the 
world’s capital stock across countries and symmetric production pat¬ 
terns satisfies all the conditions for equilibrium. 

The equalization of absolute levels of the output of the real equity 
of industry 1 is a key property of an equilibrium with incomplete 
specialization, and one that we shall exploit to advantage in our dis¬ 
cussion of the determinants of the direction of international capital 
movements. There is, of course, no such requirement for outputs of 
good 1 in the two countries of a deterministic model. The difference 
arises because, whereas the outputs of the first industry (i.e., good 1 ) 
are perfect substitutes in a nonstochastic world, they no longer are so 
when what firms produce are real equities in a world of uncertainty. 
As will become evident in the course of our discussion, this difference 
explains why factor movements do not of necessity occur under cer¬ 
tainty, given free trade in goods, but do generally occur with un¬ 
certainty. 

Suppose now that one country (e.g., the foreign country) special¬ 
ized its production in the risky industry in equilibrium. I hen the fact 
that Y > 0 and F* = 0 implies, by the supply conditions lor equity 2 . 
that w* 3 w. Then, from price equals unit cost in industry I. we base 

3 1. This in turn implies Z > Z* by consideration of asset dem 
Finally, since l.JZ 3 l.*/7* (recall relative factor prices in > 
countries), it must be the case that /. > /.*. Bv similar reason 
equilibrium with Y* > 0 and Y = 0 can incur only when I.* . 

an equilibrium would have w* S ?n and q* I. 

This completes our discussion of the qualitative nature of 1 ! 
ous possible equilibrium configurations. It remains onl) to mu ';. n 
the patterns of capital movements and international trade that aie 
implied by these equilibria. These patterns depend, of course, on the 


" We musi also consider the possibility ili.il one <minus (sas the toieik>n munii s I 
specializes in the safe industry. 1 hen llie socurily pine tin the loieinn industry 1 musi 
(weakly) exceed unit cost, which implies <y* -- 1 Hul then /->/.* - 0 is iiKoiisisleiii 
with equilibrium in the asset nijikets, siiu c ihc loieixn equity has Iwiili lowei pi u e and 
smaller quantity. 
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initial distribution of the world’s physical capital. As before, let us 
proceed by considering in turn initial situations that deviate from 
perfect symmetry between countries along only one dimension. First, 
we have: 

Proposition 5: If 0(a) and 0*(a) are identically distributed and L - 
L *, capital moves toward the country with the smaller endowment of 
capital. That country has positive expected exports of both goods. 
The ratio of its expected exports is equal to the ratio of its expected 
consumption levels. 

Proof: With L = L*, the equilibrium conditions Z = Z* and q* x = 1 
(which hold for an incomplete-specialization equilibrium) are satisfied 
if K r + A' y = K* + A'^, that is, if the world’s capital stock is equally 
allocated across countries. Thus, capital moves toward the country 
that has the smaller endowment. 

Consider now the pattern of ex post goods trade. Let C A (a) and 
C't(a) be the aggregate consumption levels of good h (h = X, Y) in the 
home and foreign countries, in state a. For definiteness, assume that 
K > K* and define A = [( u>L + rK)/(u>L* + rA'*)) - 1. The percentage 
excess of home endowment wealth over foreign endowment wealth is 
A." The homotheticity of commodity preferences implies that C\(ot) 
= (1 + K)C't((x), Since ex [tost factor allocations are equal, EX(a) = 
EX*(a) = (EC x (a) + EC*(a)]/2 and Y - Y* - |EC v (a) + AX*(a)]/2. 
Expected exports of good 1 by the foreign country are 

EX*(a) - EC*(a) = ktJ c M > (). 


Its expected exports of good 2 are 


Y* - EC*y(a) = 


KEC* y (a) 

2 


> 0 . 


The surplus on trade account is balanced by a deficit on service ac¬ 
count. 

Rearrangement of the ex post market-clearing condition for good 2 
gives 

y* - c*(«) = ( -l 


Thus, the volume of trade in good 2 is state independent, whereas the 
How of good 1 varies across states of nature. We note, however, that 


11 Note that (he exisience o( free capital movement and free tiade in equities implies, 
in an equilibrium with incomplete specialization, that wage fates are equalized. Also, 
in equilibrium the value of initial stock holdings is zeio (see Melpman and Ra/m 
1978a, c hap. 4). 
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the expected trade pattern tan be described as “neutral” and dearly is 
not determined by initial relative factor abundance. This is similar to 
the result reported by Svensson (forthcoming), who found in a differ¬ 
ent context that trade in goods might not be explainable by autarky 
relative factor abundance when factors are internationally mobile. 

Proposition 6: Suppose 0(a) and 0*(a) are identically distributed 
and K/L = K*/L*. Capital moves toward the smaller country if the 
industry with random technology is relatively capital intensive and 
toward the larger country otherwise. The smaller country always im¬ 
ports good 2; if it is incompletely specialized in equilibrium, it has 
positive expected exports of good 1. 

Proof: The proof makes use of figure 4, where we have assumed, 
for definiteness, that the home country is the larger one. In each 
panel of the figure we depict the real-equity production possibility 
frontiers (FPPF) for the two countries under autarky. Since relatne 
factor endowments are equal, the FPPF for the larger country is a 
tadial expansion of the FPPF for the smaller country. 

Suppose, to begin with, that an equilibrium with incomplete 
specialization is possible. Then, in equilibrium, 7. = 7*. Consider the 
hypothetical real-equity production that would take plate in each 
country at the relative equity prices that ultimately prevail in the 
equilibrium with free capital movements if capital movements were 
/ero. These points are marked B and B* in each panel of the figure. 
Clearly, the absence of capital movements is inconsistent with equilib¬ 
rium, since at these points 7. > 7*. 

Now suppose that the industry with uncertain technologv 
lively capital intensive (see fig. 1, a). Imagine a transfer ot cap' 
the home to line foreign country, holding the relative equie 
constant at their equilibrium values, 1 his would cause the iu. 



* 


Kig. 4 
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tries to move in opposite directions along their respective capital- 
Rylxzynski lines, BR and B*R*. 11 That is, the reallocation of capital 
causes the foreign country to expand its production of the capital- 
intensive security (that of industry 1, in this case) and to contract its 
production of the labor-intensive security, while the home country 
does just the opposite. The Rybczynski lines are parallel, because the 
equality of relative equity prices in equilibrium implies that factor 
prices are equal for this hypothetical transfer. Eventually points E and 
E* are reached, such that Z = 7*. These real-equity production 
points are consistent with full equilibrium. 

In figure -4, b, the industry with uncertain technology is assumed to 
be labor intensive. Then, equalization across countries of the real- 
equity outputs of industry 1 requires a transfer of capital from the 
small count! y to the large country. The equilibrium production 
points are at E and E*. It is perhaps counterintuitive that capital 
moves in this case toward the larger country, even though factor 
endowment ratios are equal and country risks are symmetric. This 
direction of capital movement is dictated by the strong implications of 
the Rybezynski theorem for the output effects of endowment 
changes. 

If the sizes of the two countries (measured by labor force) are 
disparate enough, an equilibrium with incomplete specialization will 
not be possible. In terms of the diagram, the small country, in moving 
along its Rybezynski line, will hit the vertical axis before a point is 
reached where Z = Z*. In such instances the small country will 
specialize in production of good 1 and the large country may or may 
not specialize in good 2. Nonetheless, the direction of capital move¬ 
ment must be as described in the proposition. 

Tinning to the pattern of commodity trade, the foreign country 
has exports of good 2 given by 

V '* - r* - (1 + ME* - Y 

( ' v 2 + X 

Referring once again to figure 4, note that in each panel the output of 
the equity of industry 2 at point B is 1 + \ times as large as the output 
of this equity at point B*. In both panels capital flows in the direction 
that causes home output of good 2 to increase and foreign output to 
contract. Thus, in any equilibrium with incomplete specialization (as 
depicted), V > (l 4- X)K*, and the smaller country imports good 2 in 
every state of nature. Obviously, the smaller country also imports 
good 2 in cases where that country specializes in the risky industry. 

Melptnan and Kami (l‘t7Mrt, 1978A) have shown (hat (lie Rybezynski theorem is 
applicable to real equity outputs when securities aie internationally traded. 
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In the event of incomplete specialization, expected exports hv the 
foreign country of the product of the risky industry are 

EX*( a) - EC*(a) = ' > 0, 

where we have made use of the fact that EX(a) — EX*(ol) in such an 
equilibrium. By contrast, when the smaller country is completely spe¬ 
cialized, we have EX*(a) < EX( a), and it might be the case that this 
country has positive (expected) imports of both goods. 

Note that once again the pattern of (expected) commodity trade 
cannot be predicted on the basis of initial relative factor abundance. 


V. Conclusions 

When production is characterized by technological uncertainty that is, 
at least to some extent, country specific, the international allocation of 
mobile factors is influenced by the asset preferences ol risk-averse 
consumer-investors. In this paper we have studied the determinants 
of the direction of international capital movements in a model of 
trade in commodities and real equities under the assumption that 
preferences over commodities and assets are identical and homothetic 
worldwide. In a one-good variant of our model in the spirit of Mac- 
Dougall (1960), we found that physical capital flows in an unceitain 
world are subject to the combined influences of relative factor abun¬ 
dance, relative size of labor force, and relative countrv riskiness. 
When deviation from complete symmetry is along only one ol tin 
dimensions, capital moves toward ihe relatively labor-abundun' 
try, the smaller country, and the less risky country, respective!' 
ever, in more general situations, the interaction between thc-'< 
can be quite complex. 

Many of the lessons from the MacDougall model remain api 
when the model is extended to incorporate a second good 
produced in each country with a nonstochastic technology 1, 
least to the deterministic two-good, two-factor model with pouiu... 
capital mobility, equilibrium under uncertainty generally lequncv 
some movement of capital even when goods are traded freely. Rela¬ 
tive factor abundance, relative size of labor force, and relaiiv e country 
riskiness still play important roles in the determination of the direc¬ 
tion of factor movements, as well as in the determination of the ex¬ 
pected pattern of commodity trade. An additional insight gamed 
from the two-good variant is that the direction of physical capital flow 
may hinge on the identity of the factor that is used intensively in the 
industry with random technology. 
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Are Economic Time Series Asymmetric 
over the Business Cycle? 


Salih N. Neftgi 

Graduate School, City University of New York 


It has long been argued that major cyclical variables such as the 
unemployment rate display an asymmetric behavior over various 
phases of the business cycle, l he papet provides a statistical test for 
this hypothesis. Using the framework of finite state Markov pio- 
cesses I implement a test to see if the behavior of the unemployment 
rale is characterized by sudden jumps and slower drops. It is argued 
that the framework provided ill the paper can also be used to lest 
other sample path properties of economic time series. 


This paper investigates the issue whether correlation properties of 
major economic time series differ across various phases of the ' busi¬ 
ness cycle”—a property denoted by “asymmetry." 1 he pu l 
treated using the statistical theory of finite-state Markov p. 
and the applications are limited to various unemployment 
these being a reasonable measure of the business cycle. 

The claim that major economic time series are asymuu 
different phases of the cycle arises in almost all major works 
ness cycles. For example, according to Keynes (193b, p. 31 It 
substitution of a downward for an upward tendency often takes plat c 
suddenly and violently, whereas there is, as a rule, no such shat p 
turning point when a upward is substituted for a downward ten¬ 
dency” (see also Hicks 1950). In figure 1 I illustrate a well-known 


I wish to thank Richard I’orler, (iary Shmasi, and C.hrisiopher Suns tnr valuable 
discussions of an earlier version of llus paper A referee's comments aie gieatlt ap¬ 
preciated. 
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example where increases in the unemployment rate are much sharpei 
than dec lines. 

The question, then, is whether these asymmetric drops occur sys¬ 
tematically enough to be counted as part of the probability structure 
erf economic time series. It is important to detect the presence of such 
asymmetry for several reasons. First, if asymmetric behavior is indeed 
systematic then one needs to develop theoretical models that can gen¬ 
erate such behavior endogenously. To the best of my knowledge no 
such model exists at the moment. Further, if economic times series 
exhibit an asymmetric behavior over the business cycle, then a model 
that generates sharp drops during contractions followed by gradual 
movements during expansions will have “better" predictive power. 
Otherwise, one would expect the “fit" to deteriorate around turning 
points. For example, as shown in figure 2, the employment equation 
of the Federal Reserve Board’s MPS model seems to imply that the 
model failed let capture the asymmetric behavior of aggregate em¬ 
ployment during the turning points. 

The issue of asymmetry is also relevant to the empirical work on 
rational expectations models. For example, Sargent (1978) and Sar¬ 
gent and Hansen (1979) discuss how dynamic optimization problems 
of economic agents result in demand and supply relations’ depend- 
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ing, among other things, on the forecasts of future exogenous \aii- 
ables. The existence of an asymmetric behavior in majoi sat 1 . 1 !>!<•' 1 
be forecast—for example, unemployment rates and futut 
rates—could then make these demand and supply relatin' 
tion of some sort of switching regime. Under these cond> 
“prediction problem” will become a nonlinear one, and t> 
nontrivially affect the empirical results (see Netiyi I98‘J 1 
ample, if a nonlinear prediction problem is treated (bv mist.n- 
linear one, then the estimate of the “unpredictable components i,, 
time series would contain too much information. Under such circum¬ 
stances, the estimated innovations are more iikeh to turn up as "sig¬ 
nificant” variables in an empirical model (Neflyi 1983). 

An asymmetric behavior in the business cycle or in interest rates 
may also account for the* belief held by market participants that the 
prediction of a “turning point" is somehow different from the predic¬ 
tion of these series during “other” times. Finally, the issue of as\m- 
metry is relevant to the way one applies asymptotic econometric 
theory. As suggested in Hannan (1974), one version of the second- 
order asymptotic theory depends on the assumption that the best 
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predictor also be the best linear predictor. But, if there is some evi¬ 
dence that nonlinear ARMA models produce predictions with lower 
mean squared errors due to asymmetry in economic time series, then 
this would imply some caution in the way asymptotic theory is being 
used. 

The paper is organized as follows. I first discuss how sample path 
properties of economic time series can be investigated. Then 1 outline 
a theoretical framework where the issue of symmetry versus asym¬ 
metry is reduced to restrictions on the transition probabilities of the 
appropriate time series. Next I discuss calculation of confidence ellip¬ 
soids and posterior-odds ratios involving these restrictions and report 
my results. The last section presents my conclusions. 


Investigating Sample Path Properties 
of Economic Time Series 

In this section I shall first discuss how the issue of asymmetry should 
not be handled. Let (X,(w), t = 0, 1, 2, . . . ; u> € ft} be a stochastic 
process defined on the probability space (ft, F, P). where a> S ft are 
events determining particular realizations of X,(o>). The notion of 
asymmetry is usually formulated in terms of the sample path proper¬ 
ties of the X,(w) with to G ft fixed. For example, this is the case if one 
compares the behavior of X,(to) when there is a tendency to “decline” 
with the same series when it shows a tendency to “rise.” This compari¬ 
son is made for a fixed to, across different t’s. According to this, 
notions such as asymmetry are defined using the sample function of 
the process under investigation (e.g., see Keynes’s or Hicks’s com¬ 
ments above). This may bias a test toward the alternative hypothesis. 
For example, in testing for asymmetry over the business cycle, one 
may be tempted to divide the sample into two groups, one repre¬ 
senting downturns, the other expansions; estimate two separate auto¬ 
regressive representations for each subsample; and then, using any 
standard test, see if the two sets of estimates are significantly different 
from each other. It turns out that, because the definition of asym¬ 
metry uses a sample path property of the series under consideration, 
this test will be biased: by dividing the sample into two groups using a 
sample property of {X,(w)}, one increases the probability that the test 
will reject the null hypothesis—which in this case will be symmetric 
behavior. 

In this paper I argue that the “correct” strategy in investigating 
hypotheses related to sample path properties of economic time series 
is to avoid altogether the use of Chow test-type procedures and in¬ 
stead utilize the statistical theory of finite stale Markov processes. In 
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particular, I claim that hypotheses relating to sample path properties 
may be reduced to restrictions on transition probabilities from one 
state to another and tested using the likelihood function. For ex¬ 
ample, given a time series {X,}, one can define a finite state Markov 
process {/,} by letting one state represent increases in {X,} and the other 
represent decreases. Then using the process {/,} one can calculate 
various transition probabilities and form likelihood ratio tests of sym¬ 
metry versus asymmetry. This would illustrate to what degree the 
behavior of {X/} is homogeneous across different states (or regimes). 

The methods used in this paper are closely related to panel data 
models discussed in Heckman (1981a) and can easily be implemented 
to other hypotheses concerning sample path properties of economic 
time series. 


The Theoretical Framework 


Let {X,} be a “pro-cyclical,” linearly regular stationary process with 
zero mean, and let {/,} be given by 


/ 


+ 1 if AX, > 0 
- I if AX, =s 0. 


( 1 ) 


The process {/,} will then in general be positive during upswings and 
negative during downswings. Also {/,, ^s > 0} would normally be 

correlated. 

My claim is that the pattern in which {/,} moves from one state to 
another can be exploited to investigate any asymmetric behavior in a 
time series. For example, if the claim is that the observed sene' >■ 
sharp drops during contractions but that during upswings 
occur gradually, then one would expect {/,} to remain in tin 
longer than the slate - 1, everything else being the satin 
clearly implies that the transition probability associated wit 
front + 1 to + 1 is greater than the probability associated 
transition from -1 to —1. Such restrictions implied b\ tl. 
inetry can then be used to implement an empirical investigation 

In order to obtain a nontrivial theory that we can implement empir¬ 
ically, we have to impose further restrictions on (he process {/,}. Since 
my empirical work deals with unemployment rates, and since these 


1 Note one advantage of going from (X r ) lo {/,}. I lie taller variable, lieing a tunc- 
lion ol changes in X, only, will be invariant to inonoiomt tiansfuimalums ol X, 
thus, taking logarithms ot X, would yield an identical {/,) pi mess 1 his suggests dial 
by logging a time seiies one would not lie able to eliminate the kind of as\ mulct o 
discussed in this paper. 
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series exhibit little trend if any, I first assume that {/,} is stationary. 
Second, I assume that it is a second-order Markov process . 2 

Now let S T — {ii, h, . . . , ir } denote a realization of the process {/,}. 
Then we can write the likelihood function as L(S T ) = P(/j = ij,..., I T 
= ir). The assumption that {/,} is second-order Markov makes this 

L(Sr) — P(f r = 1 t\It -t = *t- i, It-'I = *V- 2 ) ■ • ■ 

P(I-i = = i>2, /) = ii)P(/‘2 = *2.^i = h)- 

After denoting the transition probabilities by {X, ; , i = 0, 1, and 7 = 
0 , 1 } and the probability of initial state by rr„, we can rewrite the 
likelihood function as 

L(S r . V Wo) = w„(X,,)""(] - X n ) T "(X (M ,p"(l - X<i(i) ,< “' 
x (X()|)'‘"'( 1 — X () ,) r "'(X,„)’""( 1 - X 10 ) r '°, 

where n, r T, t are the number of observed occurrences of the respec¬ 
tive transitions throughout the sample period and where the transi¬ 
tion probabilities {X, ; } are defined as 

Xu = P(h ~ = 1» Ik~2 - I) 

Xoo = /’(/* = ~ 1|/*- 1 = - I. /* -a = -1) 

Xio = P(h — 1|/* 1 = T h 2 - _ 1) 

Xoi = P(h = - Ii/*- 1 = -1,/*-* = 1) 

with tt„ = P(P 2 — « 2 » h — «i). Accordingly, for a model where /, is 
second-order Markov, the likelihood function will depend on the four 
independent parameters {X, ; } and on the initial condition ir„. Thus, 
given a sample Sr, the parameters of interest can be estimated in a 
straightforward manner once we decide how to treat tt„ (see also 
Kedern 1980). 


Parameterization of tt„ 

There are two conditions under which one can treat tt„ as a nuisance 
parameter and to some extent ignore it. These conditions do not 
apply in this case. However, to motivate parameterization of ir 0 I will 
briefly summarize them. One of these cases occurs when the sample 
size T is “large.” As shown by Billingsley (1961), under that condition 
information contained in ir„ on the parameters X, ; will become negligi¬ 
ble as T —► In the second case, one can assume that the process /, 


4 T his latter assumption tan be generalized to Ath-order processes in a straightfor¬ 
ward manner. 
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indeed started at time t = 1. Under that condition there will be no 
previous history to / 1 , and consequently tt„ will not contain any usef ul 
information on the X, ; . It turns out that none of these assumpifons is 
reasonable in our case. I am working with basically seven to eight 
business cycles, so my “observations” are not many. Second, / = 1 is 
clearly not the true starting point of the /, process. All these imply that 
tt 0 may indeed contain usef ul information on the X, ; that needs to be 
taken into consideration. 

Heckman (198It) provides an example of how one can parame¬ 
terize rr u . Several options are discussed. In the present case I assume 
that the time series we are dealing with is stationary (although possibly 
nonlinear) and has been in operation for quite a while, so that tt„ can 
be replaced by its limiting expression. In fact, in the Appendix I show 
that for a second-order Markov process the ir„ corresponding to the 
event {/^ = l, /1 = 1 } will be given by 

-rr„ = lim P(I 2 = 1, I, = l|/. v = f.v), 

jV—* - X 


which reduces to (see the App.) 

_ _ [(1 ~ A,( 0 )(A),,)] _/1\ 

" ((1 - X 11 )(1 - X „ 0 + X,,,)] + [(1 “ X„„)(l - X,, + X I0 )]' 

The expressions for it,, relating to initial conditions other than {A. = 1 . 
/1 = 1} can be obtained in a similar manner. In any case, expiession 
(4) above suggests that tt„ will carry useful information leu.ii'l 
parameters {X,,}. It turns out that when one has relatively f<' 
tions this information may be nonnegligible and may affo 
mates significantly. Obviously, this is an advantage of usir 
sion (4) in approximating tt„. However, this is accompli- 
certain cost: calculation of the estimates {\,,} will now have t< 
through iterative procedures instead of bv solving the ftrst-m 
ditions in a straightforward manner. 

The likelihood function will be used in two ways. First I obtain the 
maximum likelihood estimates (MUEs) of the transition probabilities, 
X 0( i and Xn, which describe the way /, moves during downswings and 
upswings, respectively. Then, using this likelihood function, 1 obtain 
joint confidence intervals for the estimates X (1 and X„ 0 . These will 
show to what extent the behavior of the time series is different during 
the two phases of the business cycle. Next, I introduce some rea¬ 
sonable priors and then calculate a posterior-odds ratio for svmmetrv 
versus asymmetry. 

However, before 1 discuss these procedures, two issues relative to 
the data set used in the paper should be dealt with. 
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I report empirical results for alternative choices of {X - /}: the unemploy¬ 
ment rate (seasonally adjusted), the unemployment rate 15 weeks and 
over, and the unemployment rate for insured workers. I assume that 
these series measure roughly what economists call the “business cy¬ 
cle." 

['here are at least two reasons why the applications were limited to 
unemployment series. First, I believe that series related to the produc¬ 
tion side give a better indication of the business cycle. Also, sudden 
changes in such variables are more conceivable than in such economic 
series as consumption (see, e.g., Hicks 1950). The consumption series 
is expected to be “smoother,” as the permanent-income hypothesis 
would suggest. Second, the variables I selected are more or less trend 
free. This facilitates the implementation of the procedures described 
below, since l do not need to estimate and eliminate a trend compo¬ 
nent in order to get the empirical results. However, it is an advantage 
of the procedures described here that they can handle nonstationary 
X, as well, given that the implied I, will often plausibly be stationary 
even when X, is not. ’ 

The c hoice of the observation interval is also nontrivial. The unem¬ 
ployment rate allows me to use either monthly or quarterly data. The 
discussion in this paper is in terms of quarterly data, for the following 
reason: Suppose that the time series under consideration has an 
asymmetric behavior, where gradual upward movements are fol¬ 
lowed by sudden and sharp drops. Next, suppose we impose on this 
series a white-noise error having a “small” variance. The resulting 
series would still "look” asymmetric. But because the upward move¬ 
ments have a small derivative, the runs in + l’s will be broken more 
often than the runs in — l's, which have a bigger derivative. Monthly 
data would indeed impose such a white noise cm these series. How¬ 
ever, with quarterly data, white-noise errors are more likely to be 
averaged out. Thus quarterly data are more likely to show asym¬ 
metry. Of course, this is even truer of annual unemployment rate 
data, which are clearly asymmetric. But, with few observations, the 
power of the statistical procedures goes down. Using quarterly data is 
thus a compromise. 

Also, a second-order Markov condition may be closer to the truth 
with quarterly data. In contrast, for monthly time series one may need 
to introduce further parameters to capture dependencies across 
states.* 

5 Notice that since on a priori grounds we expct l A<><| > X M , any positive trend in the 
unemployment rate would bias An “toward” A,,,, and would enhamt any empirical evi¬ 
dence against symmetry displayed by our methods. 

1 All data were obtained fioni the Business Conditions Digest (BCD). Using their 
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Estimates of {\ l; } and Relevant Confidence Regions 

The likelihood function shown in (2) will first be used to obtain esti¬ 
mates for the transition probabilities and then to derive the relevant 
confidence ellipsoids. To get the estimates, one differentiates the log 
likelihood function with respect to the {X l; }: 

3 log LiSr, V v„) K fob, + _ T„ 

3X 7 d\,j " k,j " (1 - X,,)’ (5) 

i = 0, 1,7 = 0, 1, 


where the first term on the right-hand side is also a function of X„ but 
is going to be kept in that compact notation for convenience (the App. 
contains the exact expression for d7T„/3X, ; ). The estimates X, ; can be 
obtained by setting (5) equal to zero. The matrix of second partials 
denoted by Hr can be obtained in a straightforward manner: 


3 a log i.(S T , x, ; , -tt„) 


= H T , i, j, k, p = 0 , 1 . 


( 6 ) 


In the Appendix we report the exact expression for li T in terms of 
the estimated X y . It is well known that - H f 1 will be an (approximate) 
variance-covariance matrix for the MLF.s of X,,. This permits the cal¬ 
culation of the following confidence ellipsoid: 

[X - X1'(-//,)IX - XI = x*(«), (7) 

where X is the vector of X,/s and X is its estimate, and a is a confident e 
level to be chosen. 

Once the transition probabilities are estimated, one can tfi 
late the matrix of second partials and plot the confident! 
shown in (7). I his is implemented for the series of unem 
rates discussed earlier. The center ofthese ellipsoids will lit 
imum likelihood estimates of the two parameters of inten 
X, |. All points within the ellipsoids may represent the true X, 
with a probability of a. 

Of special interest is the location of the diagonal with respect to ilw 
confidence ellipsoids shown in the figures. The diagonal basically rep¬ 
resents the locus of X l; for which we have Xoo = Xu. In other wends, all 
points on the diagonal correspond to equal transition probabilities 
associated with consecutive declines and consecutive inc reases. In our 
terminology the diagonal corresponds to the symmetry. All points olf 


system, unemployment data wete computed liom senes 37. ”numlK*r ot prisons unem¬ 
ployed,” and series 441, "total civilian laboi tone.” Average wecklv insured emplov- 
menl was senes 45. Unemployment 15 weeks and over was sei ies 44 All data wet e toi 
the period 1948-81, except series 45, which was lot period 1949 81 Since these data 
contain frequent revisions and since these tevisions do make a slight difference. I 
should also state thjg the data were obtained from the 1981 issues of the B(.L) 
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the diagonal relate to an asymmetric behavior. In fact, the more dis¬ 
tant the point is from the diagonal the more asymmetric the series will 
be. 

Results discussed in the remainder of the paper use the restriction 
Koo = X,i to model the hypothesis of asymmetry. However, with a 
larger data set and longer time series one can test stronger versions of 
the symmetry. For example, the restriction 1 - X| 0 = 1 — X 0 | maybe 
interpreted as an additional condition of symmetry and incorporated 
into the null. This was not done in the paper mainly because the 
literature on business cycles seemed to deal more with the asymmetry 
of upturns and downturns. 

Results 

Figures 3—5 display various two-dimensional confidence intervals for 
the transition probabilities X<><> and Xu. The diagonal is the set of {X,„ 
i - 0, 1} where we have Xoo = X 1 1 ; that is, the series is symmetric. Any 
other point indicates a situation where X 00 ^ Xi 1 , which in turn implies 
that the limes series exhibits a different behavior over periods of 
persistent declines or upturns. Confidence regions are calculated us¬ 
ing the expression shown in (7). These confidence regions are 






Fig 5. —Unemployment 15 weeks and over, SE of Xu - 05; SE of X, M) - 


S»7 
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(slightly) tilted ellipsoids where the center is the maximum likelihood 
estimates of \ 00 , Xu- These estimates are obtained after solving the 
first-ordei conditions shown in (5) and ( 6 ) iteratively. 

Once this is done one can calculate the confidence ellipsoids dis¬ 
played in figures 3—5 using the matrix of second partial Hr- In each 
case we see a similar pattern. The diagonal remains outside an 80 
percent confidence ellipsoid, providing some evidence against the 
equality of X 0 o and Xu and in favor of asymmetric behavior in the 
observed series. 1 ’his is more pronounced in the case of insured un¬ 
employment rates and in the case of unemployment over 15 weeks. 
These series are obviously more “cyclical” than the total unemploy¬ 
ment rate. However, even in the case of the total unemployment rate, 
the evidence favors asymmetry. 

A Summary of the Evidence: Postenor-Odds Ratios 

Confidence regions discussed above are indeed one way of dealing 
with the evidence concerning any asymmetric behavior in time series. 
This, however, can be further sharpened, for two reasons. First, it 
appears that the belief in the asymmetric behavior of unemployment 
rates is quite widespread, so one can try to impose some reasonable 
priors on these confidence regions and see how results are affected. 
Second, confidence regions summarize the evidence only up to a cer¬ 
tain point, and the use of such priors may f urther sharpen the results 
by permitting calculation of a posterior-odds ratio. This statistic can 
then be interpreted as summarizing the evidence involving symmetry 
versus asymmetry. In this section I describe how this posterior-odds 
ratio can be calculated. 

First note that if l.(S r , X v ) represents the likelihood function and 
/?(X, ; ) denotes a reasonable prior, then the posterior probability associ¬ 
ated with {X,,} and given the sample ,S' T will be 

l J (K,\S r ) = , (8) 

1 T> r) 

where PCS’/) is the (unconditional) probability of obtaining the sample 
Sr and is an unknown constant; P(\,.\Sr), on the other hand, can be 
interpreted in a standard fashion as the probability associated with 
various values of the transition probabilities X f/ , conditional on the 
sample and on the priors used. 

Clearly, if one is interested in comparing two opposing views con¬ 
cerning the X y one can calculate respective probabilities and form an 
odds ratio. 

To be more precise, I let the four-dimensional unit rectangle be 
denoted by R i . We then note that {X,,} E R*. Suppose //„ and H„ are 
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two disjoint subsets of ' R* representing two alternative hypotheses or 
points of view. Then the posterior-odds ratio can be calculated as 
follows: 


r(H a , H,„ S T ) 


P(K, g H,\S r ) 
P(\„ 6 H,\S t ) ' 


(9) 


where P(j.Sr) is the a posteriori probability defined by (8). 

In our case the set H„ will represent those values of X f/ that lead to 
an asymmetric behavior of the time series under consideration. H,„ on 
the other hand, will represent symmetry. Here we let //„ be those 
values for X„ for which X () o = X( |. In figures 3-5 this set was shown as 
the diagonal. Thus we let 


H„ — {^oo> ^n : ^o<> — ^iii 1 - > ^ot >0,1> Xjo > ()}, (10) 


and //„ is the complement of //„ in R 1 . The posterior-odds ratio will 
then be given by 


r(//„, //„. S T ) 


J>(Kpr)dp 

S\„eii.p(Kj\Sr)dp 


(ID 


where p(-\S T ) is the posterior density. 

According to the expression in (11), to calculate the posterior odds 
we need to (1) select a reasonable conjugate prior on X, ; , (2) obtain the 
posterior density p(j.V/j, and (3) calculate the probabilities associated 
with //„ and //„. Some of these are nontrivial steps, so before report¬ 
ing the empirical results I will discuss these items. 


Selection oj the Priors 

To see how we can proceed in selecting a prior, consider tli. 
hood function again: 

P(-S’r, X t/ ) = C(X(„, Xio)<l>(Xo(>, X 11 , X 01 , X U |) 

x x,%"’(l - x„ ( ,)'""x 1 T(i - x,,) /n . ,l “ l 

Obviously, this function depends on the critical parameters X ()0 and 
Xu through two different terms. The first term <I>(Xoo. X n . X t( >. X,,t) is 
there because of the initial condition probabilities previousk denoted 
by it,,. The exact expression for <!>(■) was derived in the Appendix and 
was shown to be a complicated function of the X,,. As c an be seen from 
the expression in the Appendix, this term does not base a nice func¬ 
tional form. The second term involving the X ()(l and Xu. on the other 
hand, looks like a multivariate beta distribution. This immediately 
suggests the “beta family” as the natural conjugate priors. Thus, we 
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now assume that the prior judgments that one has on X 0 o and X) > can 
be summarized as a bivariate density: 

/(X()o, Xu) = B{ao, , £|)Xqo( 1 — Xoo)*"X? 1(1 — Xu) 1 ", (13) 

where the constants B(a„ b,) are given by: 

Finally, the likelihood function depends on the X () i and Xi 0 , which we 
treat as constants and denote for convenience by (7(Xoi, X 0 i). 

In finalizing the selection of the prior we should keep in mind the 
purpose of our investigation. Basically, we would like to compare the 
“mass" of posterior probability that can be assigned to the “events" H„ 
— {X ( ,(, 7^ X1 [} and //„ = {Xqo = Xu}. Now under the conditions out¬ 
lined thus far, the set that consists of X 0 o = Xu will have a measure 
zero for any strictly continuous prior. For this reason, in finalizing the 
selection of the prior, we have to use some discrete probabilities asso¬ 
ciated with //„ and //„. Accordingly, we combine the bivariate beta 
density with discrete probabilities to get the prior /?(X« 0 , Xu), as fol¬ 
lows: 

ft(X|M)> Xj 1 ) ~ 

(1 - Uo)X("o’(l — X,,o)XVi’(1 ~ Xn) ,n if Xu ^ X ( ,o 

u I X™" + ’ 1,l (l - X) r "" +r " if Xu = X„„ 

witfi(l — a (l ) = (1 - a)/f(«o, 6(,)/f(«i, and ai = aB(a () + a\,bn + 
/>,). and where the 0 < a < 1 is a nonzero “spike” representing the 
prior probability of symmetry. 


Calculation oj the Posterior-Odds Ratio 


Given the prior density in (15) and the likelihood function in (2) one 
can calculate the posterior-odds ratio involving symmetry versus 
asymmetry by integrating the posterior over appropriate sets: 


>•(//„, H,„ S,) = . 

I a„„ - x, ,p(X„ 0 , X11 \S r )dp 


(Hi) 


However, given the presence of 4>(X 0 o, Xu, Xki, X () |) in the likelihood 
function, the integration indicated in (lb) will be computationally 
forbidding. But a good lower bound for r(’) can be easily calculated by 
a simple transformation. 

It turns out that the presence of <{>(•) in (2) is due to the initial 
conditions in the sample Sr- In the empirical work we are dealing 
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with, these initial conditions are always given by {/ 2 = -t-1, / 1 = + 1}. 
Also, Iq, although unobserved, can be either +1 or —1. But this 
means that the initial sequence can be either {+1, +1, + 1} or {+ 1, 
+ 1, - 1}. Clearly this is a restriction on all possible sequences, and 
that is why <$(•) is informative on X M and X 0() . In the empirical work 
presented below we shall assume that the initial sequence is the one 
where {/ 2 = + 1, /1 = +1, / () = - 1}. Obviously this will bias the 
posterior-odds ratio r(-), but only slightly. At the same time it leads to 
the elimination of the term <!>(•), while yielding a reasonable estimate 
for the posterior-odds ratio. If the use of quarterly data eliminates 
most of the transient white noise from the unemployment series, then 
this estimate will constitute a good lower bound for »-(•). If, on the 
other hand, the sharpness of upturns in unemployment is more likely 
to overwhelm transient white noise than is the subtlety of long down¬ 
turns, then our estimate will be an upper bound. Indeed, this is one 
reason why quarterly data were used. It is clear front figure 1 that 
with monthly data the prior expectation X n > X <m is more appiopriate. 
Under such conditions, however, a lower bound will be obtained by 
choosing {/ 2 = + 1, /1 = + 1, / () = — 1} as the initial sequence. With 
quarterly data, we hope that most of the transient noise that exists in 
monthly series will be eliminated. Thus we pick {/•_»= + 1. / | = +• 1 . / ( > 
= + 1} as the initial sequence and obtain the approximate posterior- 
odds ratio: 


,(H„, //„, S,) = 


(1 - «o) 


■ 1 I 

(Xoo)'. 

Jo Jo 


’( I ' X<|(>) 


r,«. * /<„ 


x (Xn)""""'* '(1 - X,,)'" w 'V/Xnt/X (l 


a i 


(M 


Hoo * tftt f n 1 1 +■ (t 1 -*• 1 


] (\ - \y wt 


/■«. ♦ />„ - 1 1 


[ his can be simplified by using the fact that beta densities mtegiaU 
one: 


IT 


(Xoo)"“‘ f °"(1 - Xw,) 7- ™'*°(X,,)"" + ""‘(1 - X, l ) / "*\/X, 1 „f/X,, 


X B(n () n +■ cla , 7 ( )o + l>o)B(ny ] + rtj + 1, Tyy + /> 1 ) — 1 


and 


(M 


noo + a« + w 11 + «1 +■ 1 


(l - X) 


T in) + *■ Tu ♦ b 


'v/x 


* «(»00 + flo + U|I + <l\ + 1, Ty M) + by) + Ty I + by) 


1. 
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We then obtain a concise expression for the posterior-odds ratio: 

<(U,„ //„, S T ) = ----- “° - 

«i 

t B(n n „ + a 0 + Mu -f ai -f I. T, w + bp + 7j \ + b i) 
fi(r*o<> + «<>, Tim + bo)B(nn + «i + 1, 7j] + b i) 

Using this expression and the sufficient statistics {n,„ 7',,, i = 1, 0} we 
can calculate several estimates for the posterior-odds ratio using vari¬ 
ous values for the parameters {«„ />,}of the prior density shown in (15). 

Results concerning posterior-odds ratios are shown in table 1, 
which displays odds ratios for symmetry versus asymmetry using 
three dif ferent priors. In the first case, shown in the first column, I 
assume that the parameters a lt b„ i = 0, 1, in the beta priors are all 
?ero. The prior then reduces to two spikes. All X„, i = 0, 1, so that Xoo 
¥=■ X[ i will carry a prior probability (1 - a). The values of X,„ t = 0, 1, 
so that Xoo = Xu will have a Hat probability a (see eq. [13] describing 
the general formula for beta priors). 1 selected a = Vs for the first 
column of table 1. This selection gives a prior-odds ratio of 2 and is 
certainly fairly conservative. The posterior-odds ratios are then cal¬ 
culated as 0.93 for the total unemployment rate and 1.40 for insured 
unemployment. 

The next two columns use priors that are more favorable to asym¬ 
metry. To be more exact, these should be called “empirical priors" 
since the selected «„ b„ i = 0, 1, were not solely the result of subjective 
feelings about X<> ( i and but instead were determined using yearly 
prewar data on unemployment rates. Column 3 in table 1 selects u t , b, 
so as to give a prior mean for X (M) , X M that coincides with the prewar 
estimates of these parameters. Column 2 preserves the same point 
estimates but assumes that they were obtained using half as many 
observations. Posterior-odds ratios calculated with these priors clearly 
favor asymmetry much more in the case of the total unemployment 
rate and the unemployment rate for insured workers. In fact, column 
3 of table 1 is like calculating odds ratios using data from the prewar 
period. For these columns the spike in the priors, namely the parame¬ 
ter a, was still selected as '/). This gives a prior-odds ratio equal to 2 
and consequently suggests that very little prior information was im¬ 
posed on the results obtained in the first three columns. 

The last two columns are the same sample odds multiplied with a 
prior-odds ratio equal to 3. In essence, these two columns are the ones 
that impose any real prior beliefs in asymmetry. The parameter a is 
selected as 1 A , which suggests that on a priori grounds we regard 
asymmetry as the more likely outcome. Combining these prior odds 
with the sample we get the posterior odds. As can be seen from the 



a -O ooo^ 
C'j © 
o O O 00 
CM — 


© >C I ‘O CO 


o O CM OO —> 

e* - 


® >n cm an — 


a. 3 3 U C 

5 < —2 U 4J 

u s 3 3 i 

/•. < 0 2j- 

:_>> H - U. 


* 



JOURNAL OF POLITICAL ECONOMY 


3*4 

table the strongest case in favor of asymmetry turns out to be for 
insured unemployment. Table 1 suggests that asymmetry may be 
seven times more likely than symmetry. The total unemployment rate 
also has a high posterior-odds ratio equal to 6.2. The posterior-odds 
ratios are the lowest for unemployment of 15 weeks and over. These 
stand at 4.02. 

The results offer some evidence in favor of the asymmetric behav¬ 
ior of the time series considered in this paper. In fhe next section 1 
discuss the implications of such asymmetry. 


Implications of Asymmetry 

I he evidence concerning asymmetric behavior of macroeconomic 
variables has implications for building statistical or—preferably— 
economic models that may characterize observed asymmetry. In this 
section I briefly discuss a series of questions raised by the empirical 
work reported in this paper. 

fhe first implication of the asymmetry from the point of view of 
economic theory is that models should be built that can explain this 
common phenomenon endogenously. 

Second, the kind of asymmetry seen in the “cyclical” variables 
studied here suggests that the probabilistic structure of these series 
may indeed be different during upswings and downswings. Optimiza¬ 
tion problems of economic agents need to be reformulated so that 
they explicitly take into account the existence of such switches. As an 
example, a producer who observes a set of exogenous variables and 
who maximizes the expected value of some (quadratic) objective func¬ 
tion under standard assumptions would desire to obtain linear fore¬ 
casts of the exogenous variables. The resulting decision rules (de¬ 
mand or supply schedules) would then be functions of these forecasts. 
However, if exogenous variables exhibit some asymmetry, then the 
decision maker may also desire to forecast the periods during which 
observed processes change their stochastic behavior in addition to 
estimating conditional means. Under these conditions linear forecasts 
will fail to be “optimal.” This will have important implications for the 
empirical work involving rational (optimal) expectations. Neftc,'t 
(1983) deals with an example that shows how nonlinear forecasts may 
significantly differ from linear ones when observed series contain 
random, discrete jumps. 

The major econometric question related to the results reported 
above has to do with how one would represent asymmetric series 
using time-series models. For example, consider a linear moving avet- 
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age representation of {X,} given by Robinson (1978): 

X, = €, +a\(.,-\ + (17) 

This model is a nonlinear moving average representation and will, in 
general, generate different forecasts for upswings and downswings. 
For example, note that the realizations {e„ e, -,, e, _ 2 } and (- e„ - e, _ ,, 
would yield, respectively, 

Xi+i = a,e, + a 2 e,e, 1 


and 


Xj + \ — —a [£, + agE/Cj-i, 

where X\+ ! and Xj+ 1 are forecasts that relate to upswings and dow n¬ 
swings, respectively. If«i is positive and a 2 is negative, then the model 
in (17) would yield sharp drops and gradual increases in {X, + |}. 

Thus, one way to represent asymmetric series is to use nonlinear 
time-series models. But these models are cumbersome to estimate and 
do not have easily tractable properties such as invertibilitv. Thus, it 
may be of some practical importance to see if a linear model, where 
the innovations have asymmetric densities, can achieve the same ob¬ 
jective. It turns out that the kind of symmetric behavior o\er the 
business cycle that I have discussed can be represented by a linear 
model where the filter {«,} may be linear but the e/s may have an 
asymmetric density. For computational as well as theoretical reasons, 
it is important to be able to distinguish between these two possibilities 
Obviously, further work on this point is needed. 

A related issue is the use of asymptotic theory. To ihe e\t< 
economic processes can be more closely approximated b\ r 
moving average representation as in (17). the best linear po 
will be dif ferent from the best predictor (in both the mean am. 
sense). But as Hannan (1974) argues, the “best linear predict* 
the best predictor” and is exactly what gives the asymptotic . 
tion theory commonly used in dynamic models. This suggests 1 1. 
kind of asymmetry discussed in this paper may demand some c.ue 11 
the way one uses standard F- and /-tests in the presence ol as\mmcin 


Conclusions 

In this paper, I investigated asymmetric behavior of economic time 
series. The procedure compares the sample evidence of consecuti\e 
declines and consecutive increases in a linearly regular, ergodic pro- 
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cess and is based on the idea fhar in a "symmetric series" with no 
deterministic components, the behavior during' upswings and down¬ 
swings would be similar, in the sense that transitions within one state 
(decline) would equal transitions within the other state (jumps). 

The procedure is applied to different employment-related series. 
Overall, the results suggest that there is enough evidence in the data 
to warrant a serious consideration of whether economic time series 
indeed go through two different regimes during the business cycle. 


Appendix 

I, Calculation oj the Asymptotic Expansion for ir„ 

In the case of a second-order Markov process the initial probability ir„ will 
relate to four possible events: {/ 2 = +\,I\ = + I}, {/* = — 1, /, = - 1}, (l 2 - 
— 1, /1 = +1}. and {I= +1,1)- — !}. From these 1 will show how to get 
limiting probabilities for tt ( t - P(f 2 = + I, /, - + 1) and 7r (MI = /’(/ 2 = - 1, /, 
= -1). Other limiting probabilities can then be obtained from these in a 
straightforward manner. 

Using the fact that the sequences {+ 1, + I, + 1} and { + I, + I, - 1} repre¬ 
sent disjoint events, we can write: 

!>{h = + 1, /, = + 1) = Pd; = + J|/, = + I, /„ = +1) 
x P(l j — +!,/o = +1) 

+ Pdy - + 1|/| = +!./()= - 1) 

x Pd) = +!,/«= -I) 

and similarly for Pd-i - — 1,/| = -1): 

Pd; = -if, - -1) = Pdt = - i|/i = -i,/„= ~i) 

X /'(/, = -1, /„ = -1) 

+ Pd2 = -i|fi = -1, /« = +D 
X Pd) = -l,/o = +1). 

In matrix lorm we have: 


TT||(0 


ki i 

0 

h II) 

0 


iri,(; - 

U' 

v»x>(0 


0 

K,i> 

0 

kill 


nWt - 

1) 

WioW 

= 

0 

( 1 ~ k(Hl) 

0 

(1 — A 0 1) 


TT|n(t - 

1) 

woi(/) 


(1 ~ kll) 

0 

(1 - x,„) 

0 


•truth - 

I) 


We rewrite this as 1I(/) = Alltt = 1). By retreated substitution we get lift) - 
A' V I 1 « - N). As j V —» 


lint I!(/) = II*. 

This gives us the system of steady-state equations 

ri* = dll*. (Al) 

which we can solve for -n v by using the condition "Zv,j = 1. The resulting 
asymptotic probabilities turn out to be 
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1T|| 


(i - AopjAio 


(1 — A11)(I — \oo + ^ 01 ) + (I ~ Wd _ An + A,o) 

_ _ (1 - A||)A()| _ 

00 (1 — A<x>)(l — A|i + Am) + (I _ A|])(l ~ AflO + A 0 |) 

which can be used to calculate iT| 0 and tt,»i: 

_ (A 10 - Ayo) _ , (1 _ Am) / I _ * 

1701 -'(2^) 00 ~ 1T " ) ' 

TT|(| = 1 — ITn - TToo — TT ( )i. 


//. First and Second Parlmls of the Likelihood Function 
The likelihood function L(S T , K,,) was given by 


L = 7T„\,W(1 - Aoo^'V/'d - A,,) r "A ( ;r(l - Aoi) , ‘"A"(("( 1 - A,,,)' 1 ". 
Below we report first and second parlials of the logarithm of this (unction: 


d log /, 

, QC 

dlT„ 

-j- 


«(H 1 



7IHI 

= o, 

Moo 


dX(M) 


TTo 

A(«i 

TT 0 

(T 

" A||(|) 

d log L 

, cx 

Sir,, 

-j- 

Tt 0 

nil 



?ll 

— 0 

M I, 


dA| i 


Ml 

TT (> 

(T 

~ A||) 


d log L 

. qc 

dv„ 

-f 


WlU 

— «rr 


T t o 

= 0. 

d\<i i 


d\\ n 


TT„ 

Am 

**0 

(T 

_ Am) 

d log L 

, (x 

dm 0 

4. 

err 

n m 



Tin 

= 0, 

OAm 


dAoi 


II,, 

Am 


(T 

~ Am) 


where, for the initial state {!■> ~ + 1, l\ = +1}. 

^ _ _ (1 -- An)A U | _ 

2(1 — A«„,)(l — A||) + (1 — A(ki)Aki + (1 — A||)Aoi 


_ (I ~ A||)A t || _ 

(1 — Aoo)(l — An + Am) + (1 — A|i)(l — Aim + Aoi) 


dlT„ 


[(1 - A|| + Am) + (1 — A11 )Jtt„ 


(1 - 

A«ki)( 1 — An + Am) + (1 — An)(l -- Aim + Am) 

faTo 

- 

1 w | tt„[( 1 - A,,, + A 0 |) + (1 — Am,)) 

3A| i 

(1 - 

An) (1 — Aihi)( 1 — An + Am) + (1 — An)(l — A, 

On,, 

= lt « 

(1 - A||)1T„ 

dAoi 

Aoi 

(l — Xoo)(l - Xu + X|o) + (I — X|,)Xoi 

dTT„ 


“ 'H’oC 1 “ X,h>) 

t*Am 

= (T" 1 " 

Aoo)(l — An + Am) + (I — An)(l — Aim + Am) 
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The second partials of the likelihood function will be given by 
d~ log /- _ _ »nu _ Too 

(k(Kl)' (1 - kyo ) 2 

+ [(1 - Xj_! + Xio) + (1 - X 1 j)] [(1 - Xji + X| fl ) + (1 - \||)j 

[(1 — \„o)( 1 — k|| + X|o) + (1 — X|i)(l — Xoo + Xoi)]“ 

<* 2 log 1. _ _ »n _ Tn _ 1 

3Xn (Xu ) 2 (1 — Xu ) 2 (1 — kn ) 2 

+ _ [(I ~ Xqq + Xqi) + (1 - Xqq)]*' _ 

[<1 — Xoo)(l - An + A|o) + (1 — An)(l — Xoo + Xoi)! 2 
d* log T _ [(I ~ Xu + X|p) + (1 — A 11 )lf( 1 — Xqq + Xqi) + (1 — Xqq)1 
(5XooflX|| [(1 — XooK 1 ~ Xu + Xjo) + (1 — An)(l — Xoo + Aoi)] J 

2 

[(l - Xi>o){ 1 ~ An + A 10 ) + (1 - An)(l — Xoo + Am)] 

These partials are then used in forming the matrix Hr discussed in the text. 
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Confirmations and Contradictions 


The Incidence of a Tax on Pure Rent: 
The Old Reason for the Old Answer 

George Fane 

Australian National Umvn\ity 


The purpose of this note is to clarify the formal identities linking the 
problems analyzed by Barro (1974), Feldstcin (1977), and Cairo, Kot- 
likoff, and Rodriguez. (1979) (henceforth CKR) and to reaffirm the 
traditional proposition that in both the short run and the long run a 
tax on pure rent is never shifted, provided one adopts the traditional 
procedure in tax theory of analyzing the incidence of a compensated 
tax. Any uncompensated tax is equivalent to a compensated t o >•' 
gether with a lump-sum redistribution of income, and their 
nothing “surprising” about the fact that lump-sum redismbn 
income may alter relative prices, as the literature on the 
problem” in international trade theory demonstiates. Actual, 
tionscanbe found (e g., Gorman 1953; Barro 1974;Cal\ou 
p. 874, n. 7) in which lump-sum redistributions of income 
affect relative prices. F.ven when they do, the incidence el fn t 
small relative to the size of the redistribution. 

The analyses of CKR and Feldstein give the impression ' 
classical proposition on the incidence of a tax on pure rent d< 
apply in a dynamic economy; “As Feldstein points out. (be < lassu .< 
proposition that a tax on pure rent is unshifted requires that tin- 
supplies of nonland factors of production are unaltered In the in¬ 
troduction of the tax on laiid rents. This static assumption ot fixed 
factor supplies is inappropriate to the analysis of tax incidence in a 
dynamic economy in which the supply of capital reflects the economic 
choice between consumption and saving" (Calvo el al. 1979. p. 8b9). 
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each generation s utility depends on the utility ot then children to a 
extent f<> induce positive he,,nests from parents to ilttldtvn. 

In r/m model a sn itch Horn linancing government expenditure by 
taxing the unrent generation to financing it by bond sales to the 
current generation, with the principal and interest to be financed by 
increased taxation of future generations, has no effect on the levels of 
consumption or utility of any generation. I he switch represents a 
transfer by the government to parents from their children, which the 
parents can and would exactly offset by raising (lie bequests they 
make to their children. 

Feldstein (1977) analyzed the effects of a tax on land rents in an 
overlapping-generations model in which bequests are not made. The 
young work, consume, and save; their savings finance the acquisition 
of land and capital, the earnings from which are used to finance 
consumption in retirement. Feldstein assumed that the revenue from 
the land rent tax is wasted (or, equivalently, “used to finance some 
additional government expenditure that does not increase utility vis- 
a-vis the no-tax situation” (Feldstein 1977, p. 349]) and showed that in 
general some of the lax will be shif ted. That is, the introduction of a 
land rent tax at rate 0 will not in general reduce the value of land to a 
fraction (1-0) of its original value. In fact, the value of land may 


even rise. 


CKR changed two of Feldstein’s assumptions; first, they assumed 
that the revenue from the tax on the rent of the land held by the oldei 
generation is not wasted but returned period by period either to the 
younger generation or to the older. Second, they analyzed this 
amended tax in the context of a Barro-type overlapping-genet aliens 
model with bequests and no inheritance taxes. They showed that 
under these revised assumptions the tax will not be shifted. 

CKR also noted that Feldstein had been wrong to assert (Feldstein 
1977, p. 352, n. 10) that the tax will not be shifted in his no-bequest 
model if the revenue is returned to the older generation: “While we 
fi.e., CKR] discuss the case of a compensated tax on land rents in 
which the government returns the tax revenues in a lump-sum fash¬ 
ion to either the young or old, Feldstein analyzes an uncompensated 
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tax on land rents. However, his result [or his model holds for a compensated 
tax as well. The traditional practice in incidence analysis is to consider 
compensated taxes” (Calvo et al. 1979, p. 870; emphasis added). 

Their comment is misleading; what CKR presumably mean is that 
if the revenue from the land rent tax, which is collected in each period 
from the currently older generation (who happen to hold all the land 
under the particular institutional assumptions of both Feldstein and 
CKR), is returned in a lump-sum fashion in each period to the cur¬ 
rently older generation, the lax will, in general, be shifted to some 
extent. This is correct, and Feldstein's apparent denial of it was an 
error, as CKR note. However, it is wrong to describe this case as a 
compensated tax. To follow "the traditional practice in incidence 
analysis” of considering compensated taxes, it is necessary to assume 
that at the time of announc ing and introducing the new tax on land 
rent the government simultaneously issues infinitely dated bonds, 
uses the land rent tax revenue to meet the interest payments on these 
bonds period by period, and uses the proceeds front the saie of the 
bonds to finance a once-over lump-sum handout to the owners of the 
land on the day that the land rent tax is announced. This procedure 
fully compensates the original landlords, while the procedure as¬ 
sumed by CKR (of paying the entire land rent tax revenue, period by 
period, to the older generation) clearly fails to do so. 

In the case of a fully compensated tax on land rents, as described 
above, the entire incidence of the tax will be exactly reflected in a (all 
in land values, even in Feldstein's 110 -bequest model. 1 his conclusion, 
that a compensated tax on pure rent is never shifted, remains true 
when one considers Feldstein’s second reason (namely, the portfolio 
effect) for asserting that the uncompensated tax that he analwcd will 
be shifted; the uncompensated tax on land rents changes tin 1 
lions by value of land to capital in portfolios, and attempt-* 
holders to restore the initial proportions will generalh tend 
the price of land. However, this portfolio effect will also lx- : 
live in the case of the fully compensated land rent tax, since th 
issued bonds would substitute for the reduced value of land in pi-- 
folios. 

It land rents are stochastic, full compensation would require the 
interest payments on the bonds to be stochastic also, siute lull com¬ 
pensation would require the.land rent tax revenue and the interest 
payments to be exactly equal period by period. Under these arrange¬ 
ments the bonds would be a perfect substitute for the reduced value of 
land in portfolios. An arrangement in which the newly issued bonds 
ottered a sure interest payment each period, even though land rents 
(and therefore land rent tax revenues) were stochastic, could not be 
described as full compensation, since the government would need to 
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raise additional revenue (e.g., by a poll tax) in periods when rents 
were low and would have a surplus to distribute in periods when rents 
were high. To the extent that the resulting poll taxes and subsidies 
involved uncompensated intergenerational transfers, the proposition 
that the land rent tax is not shifted would no longer in general be 
exactly true. However, in a model with fully operative intergenera¬ 
tional bequests, these uncompensated, stochastic, intergenerational 
transfers, induced by the government, would be fully offset by 
changes in intergenerational bequests for reasons that are formally 
equivalent to those analyzed by Chan (1983). 

The cases considered by CKR (and by Feldstein 1977, p. 352, n. 10) 
are therefore equivalent to (i) the introduction of a fully compensated 
land rent tax together with (ii) a switch from bond finance to tax 
finance of the type analyzed by Barro (i.e., the imposition of a lump¬ 
sum tax on the particular generation who are old at the time of the 
introduction of the tax, with the tax revenue being used to finance 
bond purchases by the government). In every model, both in the 
short run and in the long-run steady state, the incidence of i falls 
entirely on land values with no shifting. In CKR’s model, with be¬ 
quests, the transfer involved in ii is exactly offset for the reasons 
analyzed by Barro. This is the underlying explanation for CKR’s “no 
shifting” result. The no shifting result holds both in the long-run 
steady state (which CKR analyze) and in the short run (cf. Calvo et al. 
1979, p. 874, n. 7), since Barro’s analysis is not restricted to the steady 
state. However, in Feldstein’s model, without bequests, the transfer 
involved in ii will generally affect relative prices, thus modifying the 
incidence of the tax. Even with bequests eliminated, this modification 
may well be relatively small. 

Finally, the analysis above can be viewed as providing an extension 
of the list of cases in which the Ricardo-Barro proposition (that bonds 
are not net wealth) is valid. Barro established this proposition for the 
overlapping-generations model with bequests, but it clearly also ap¬ 
plies in the model without bequests if the principal and interest pay¬ 
ments on newly issued bonds are to be met by new taxes on the future 
rents of assets (e.g., land) currently owned by the individuals who are 
to benefit from the once-over lump-sum tax cut that the bond sale 
finances. 
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Overseas Investment m the Age of High Imperialism: The United Kingdom, 1M50- 

1914. By Michael Edei.stf.in. 

New York: Columbia University Press, 19X2. Pp. 367. $35.00 (cloth); $15.00 

(paper). 

Britain’s export of capital before the First World War has attracted the atten¬ 
tion of economists interested in the nineteenth-century growth of trade and 
international spcciali/ation, the gold standard, European imperialism, and 
the pel formant e of the British economy. I'he magnitude of the (low ol Brit¬ 
ish wealth abroad was unique; from 1870 to 1913 more than 5 peicent of 
Biitish income Bowed abroad and about a third of all Butish assets at the 
outbreak of the war were foreign claims. Michael Edelstein has made a major 
contribution to the understanding of the phenomenon. In contrast to the 
most tccent contiibutions he has focused principally on the British capital 
market and the British economy and on long-run trends, although he also 
pays due attention to borrowers’ demand for hinds and to the long-swing 
timing of the Hows. His analysis leads him to reject views that emphasise 
biases in the British capital market or a worsening of the British income 
distribution as major sources of capital exports, while still assigning greatei 
weight to British savings behavior and investment opportunities than would 
many who have emphasized the growth of the Atlantic economy in then 
studies of capital flows. 

The principal analysis of the study involves an attempt to ascertain the 
relative importance of Butish supply and foreign demand factors in the de¬ 
termination of Bi itish capital Hows. A series of chapters collected under the 
genera! heading ‘Mic to Processes’’ begins with an illuminating examination 
ol the structure of the Butish capital market with particular reference to the 
allegation that the export of capital resulted from a bias in the London capital 
market—the MacMillan Gap. Edelstein rejects this view and argues persua¬ 
sively that the needs of smaller firms were adequately met at lower cost in 
tegional capital markets. London’s concentration on large issues was speciali¬ 
zation related to comparative cost and not bias. 

This is followed by an econometi ic investigation of British accumulation ol 
American securities within the context of total British asset accumulation. 
The conclusion—which is central to the overall conclusion of the study, but 
not without its problems—suggests that British accumulation played a more 
important role in determining the annual time series of American issues 
(principally by railroads) in London than did the liming of American railioad 
investment. The interesting suggestion is made that by the 1870s American 
railroad securities possessed return-risk characteiistics that made them attrac- 


f journal of Ptrittval Enmomy. 1984, vol 9‘2. no 2J 

1984 by I he I'mvcrMty of Chu.igo AH right* r***ervc<l 



book reviews 


335 


tive assets in British portfolios, particularly since new British railroad securi¬ 
ties were no longer available. The demand for these American securities 
arose in proportion to growing British portfolios. 

The “Micro Processes” section of the book concludes with an expansion of 
Edelstein’s already published investigation of the realized yields on various 
first- and second-class domestic and foreign investments issued in London. 
The ranking of equity and fixed income securities of various types of enter¬ 
prises shows little surprise over the long run with, generally, debenture yields 
below equity, public utility and railroad yields below industrials, and home 
yields below foreign, ft is perhaps surprising to find U.S. railway debt with the 
highest return of any debenture and the return not apparently justified by its 
variance. This may, however, be an artifact of the selection of first- and 
second-class securities that eliminates any security that encountered difficul¬ 
ties over the period. It seems unlikely that railroads that were eliminated 
from the series (e.g., the Reading, Erie, Wabash, Same Ee, Central Pacific, 
and Northern Pacific) looked worse ex ante than railroads that did not in fact 
experience difficulties. The most interesting finding of this investigation of 
returns is the alternation of the superiority of foreign and home leturns that 
leads the alternation of home and foieign investment. The alternation of 
realized returns was principally caused by a stronger long tytle in domestic 
returns than in foreign and is interpieted as evidence to support the view that 
falling British opportunities were an impoitant cause of capital exports. 

The second half of the book is devoted to largely noneconomeiric investiga¬ 
tions of the macro determinants of investment and sat ing in Britain and the 
principal borrowing countries. The objective is to proportion the causes in 
long-let m trends of capital exports lietween shifts in British excess supply of 
funds and overseas excess demand. Investment demand m Britain and over¬ 
seas is modeled as consisting of population-sensitive and produclivin¬ 
sensitive proportions. Savings in turn is seen as a pioduct of the dependency 
ratio and age structure. I he results may lie summarized briellv. In Biit.un 
savings increased and combined with slower demogiaphic growth and failing 
industrial productivity, which resulted in onlv slow shills in the mvesuuei ' 
demand schedule, to produce an excess supply of lunds. The United 
ieasonably viewed as the most important ol the Ixirrowers Here in ■ 
and 1860s investment demand shifted dramatically relative to don 
mgs and played a major role in the initial lise of British foreigi 
Thereafter, however, the supply ol domestic savings and investment 
are seen—largely on the sliength of the earlier econoineli it s—to In, 
together, and so no major pull of capital came from the United si 
expansion of smaller economies of recent settlement, panic ularlv A to.. 

(he 1880s and Canada after the turn ol the century, is seen as piovidn 
weaker pull forces. Edelstem feels, however, that there is some evidence ol 
excess in these expansions, particularly that of Canada, which he aimbutcs to 
an extremely liberal source of funding in Britain. 

Edelstein's overall conclusion can then lie toughlv summarized as follows. 
Ihe initial spurt of lending seems to have been a response to the need lor 
capital in areas of recent settlement, particulailv the United States, these- 
pressures did not entirely disappeat, but by the late 1870s. British capital 
seeking employment became the driving fence. 

I here is much in the book that will lx- welcomed by all those working in the 
held, but this general conclusion tests cm weak enough grounds that those 
who believe that the expansion of the world economy played a larger tole in 
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the capital How will remain skeptical. The argument revolves principally 
around the United States, and here the principal evidence is the econometric 
analysis in chapter 4 in the “Micro Processes" section. Unfortunately this is 
the most vulnerable portion of the book. The problem is first and foremost 
one of data choice but also involves the specification of American supply of 
securities. The excess supply of American securities is modeled as a function 
of the nominal slock of U.S. railway tangible capital, the total U.S. capital 
stock (as a proxy for U.S. wealth), and interest rates. The problem here arises 
fiom the use of Melville Ulmer’s estimate of U.S. railway tangible capital. This 
series is certainly inadequate (see Fishlow 1966, pp. 589-94) and is particu¬ 
larly suspect in (he 1880s. One of the greatest surges of British lending to the 
United States occurred between 1887 and 1890. These years also represent 
the most rapid expansion of the U.S. railroad network. The miles of railroads 
in the United States increased by a quarter in these years, but Ulmer's capital 
series misses this investment and increases by only 11 percent. The use of the 
Ulmer series thus seems grounds enough to doubt Edelstein’s results. There 
arc in addition at least two additional concerns about this econometrics. First, 
Kdelstein reasonably suggests a portfolio view of British holdings of U.S. 
securities, but this must surely call into question the adequacy of the new calls 
series as an indicator of the annual flow. After all The Tima quoted New York 
prices on American railroad securities continuously. The second problem 
here emerges from the failure to consider the U.S. government debt. It is well 
known that a great deal of U.S. Civil War debt was held in Britain and was 
rapidly retired; it seems appiopriate to try to incorporate this into the mod¬ 
eling. 

Edelstein’s view of the massive flow of funds to Canada in the early twen¬ 
tieth century as evidence of excess capital pushed from Britain might also be 
questioned. Edelstein expresses the strong suspicion “that the supply of U.K. 
savings to Canada was overabundant and in its absence the rate of Canadian 
railway investment spending would have been considerably smaller” (p. 281). 
This conclusion is based on casual comparison experience elsewhete and the 
obvious excess of the third Canadian ttanscontinental railroad. The Canadian 
experience, however, does not seem obviously excessive in a North American 
context. Between 1896 and 1914 the Canadian railroad network was ex¬ 
tended some 14,400 miles. Perhaps 2,000 of t hese miles were the uneconomic 
duplication by the National Transcontinental in mountains and the Canadian 
shield; 8,450 were new Hack in the wheat-producing regions ol the Piairie 
Provinces. A yardstick of comparison might be provided by the previous 
great expansion that occurred in the American Prairies. Between 1878 and 
1893 the rail network had been extended about 36,700 miles in the North 
Western states of North and South Dakota, Minnesota, Iowa, Missouri, Kan¬ 
sas, and Nebraska, an area of only some two or three times the agricultural 
areas opened in Canada. 

Professor Edelstein has thus produced a very valuable book on the opera¬ 
tion of the British capital market and its overseas involvement. His aigument 
that British forces became dominant by the 1880s will command attention. 
Nonetheless one who believes that the pull of expanding settlement in new 
regions in response to world population growth and transportation im¬ 
provement was the key to British capital movement need not fully abandon 
that view. 
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Money and Inflation. By Frank Hahn. 

Cambridge, Mass.: M.I.T. Press, 1983. Pp. xii+ 116. $12.50. 


This short book publishes the Mitsui Let lures in Economics that Frank Hahn 
gave at Birmingham University in 1981. Hahn is mostly concerned with two 
central problems in monetary theory—the role ol money and the effects of 
monetary policy. He also discusses monetary polity presetcptively. I he lec¬ 
tures teach us something about the economy and about economics. On the 
latter score, they illustrate the ability of a skilled theorist to unravel some of 
the economy’s mysteries, but they also illustrate the limitations of an econo¬ 
mist who employs no special expertise beyond formal reasoning 

The first theotetical problem involves extending Walrasian equilibrium 
analysis to accommodate fiat money that has a positive real value. Hahn's 
discussion of this problem is instructive and includes uselul observations 
about the effects of the existence of money on the leal equilibrium of the 
economy. He stresses that undei standing the role of money requires ide [inly¬ 
ing a service that only holding money provides. Accoidmgly. he argues that 
the natural strategy is to go beyond Walras by modeling the technology of 
exchange. Most models of monetary exchange assume, often implicitly, some 
foim of a tash-in-advarice requirement. Hahn (joints out that dosing such 
models requires analysis of the determination of the liming ol receipts and 
payments. 

In the course of this discussion, Hahn reviews an example of a chseigcm 
rational inffationaiy bubble, in which the real money stock, assumed m i ■ 
initially less than its possible positive steady-stale value, declines at an 11 . 
itig rate asymptotically to zero. The context of this example is a i 
expectations model of an infinitely lived economy with ovci lapping g< 
tions and with fiat money as the only asset. Hahn's analysis, allhough t' 
presented, neglects two technical considerations that are worth iiolme 
without an unanticipated change in the structure of the economy, a p< >s 
that seems inconsistent with rational expectations, a lational bubble i 1 
exist in this deterministic setting unless the teal money slock has been lc - - 
than its steady-stale value literally since the creation of the economy—that is. 
unless such a bubble has always existed. Second, this model, because it does 
not allow for asset substitutability in portfolios, has the apparently peculiar 
characteristic that, depending on the elasticity of substitution between present 
and future consumption, a rational inflationary bubble could l>e convergent 
rather than divergent. 

I his example of an inflationary bubble is worth studying primarily because 
it helps to clarify some conceptual and logical issues associated with die idea 
of rational expectations. This part of Hahn's discussion also lllustiaies his 
tendency to attach unwarranted practical significance to formal theotetical 
exercises. "We have exhibited a world with rational expectations, inflation 
and a constant stock of money. Next time you read, probably in a letter to The 
limes, that ‘a necessary and sufficient condition for inflation is an increasing 
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slock of money’, I hope you will remember this simple result’’ (p. 13). This 
suggestion that an abstract possibility of an inflation that does not involve 
monetary expansion can help to explain contemporary inflation and that it 
rebuts “monetarist" policy recommendations is incredible. Had Hahn been 
less anxious and less clumsy ahout trying to score points, he would have noted 
that cyclical variation in the actual inflation tate implies that his bubble ex¬ 
ample does not fit the facts. 

The second theoretical problem involves extending or amending Walrasian 
equilibi min analysis to account for the apparent real effects of monetary 
policy. Hahn’s discussion begins by connecting this problem to the problem of 
understanding the role of money. He argues convincingly that in any ex¬ 
tended Walrasian model that includes a meaningful role for money—that is, 
in which fiat money has positive real value—changes in the nominal money 
sloe k, whet bet anticipated or unanticipated, affect real outcomes. He stresses 
that this failure of neutrality obtains in general because, except in special 
cases, the piocess of changing the nominal money slock alters the distribution 
of endowments. An example, frequently discussed in the literatute, is the 
distribution effect that results when the government exchanges fiat money 
ten bonds, if private agents do not fully consolidate public and piivate assets 
and liabilities. Anticipated changes in the nominal money stock involve an 
additional type of nonneutrality associated with changes in the relative antici¬ 
pated returns from holding money and real assets. 

Hahn is ambivalent about the pi actual importance of the distribution ef¬ 
fects associated with monetary polic y. He asserts that ignoring these el feels is 
not harmless, hut he also acknowledges that his analysis does not lead even to 
unambiguous qualitative results, especially ahout the relation between distri¬ 
bution effects and real aggregates. 

ruining to consideiattons that are more clearly relevant to the relation of 
money to mactoeccmoinic fluctuations, Hahn is highly critical of attempts to 
understand the apparent effect of monetary polity on the cyclical behavior of 
ieal variables within equilibrium models that extend Walrasian analysis only 
by introducing imperfect information. Hahn points out correctly that such 
models seem unable to fit the (ac ts that they purport to explain. Most of the 
usual list of alleged false implications, which Hahn indiscriminately recites, 
only reflect simplifying assumptions used in some versions of these models. 
More important, however, Hahn stresses the testable and easily rejected im¬ 
plication of equilibrium models that monetary policy has teal effects only it it 
is unpredictable and unobservable. It is woith noting that Hahn docs not 
mention the possibility, which some equilibrium theorists seem to take seri¬ 
ously, that the observed relation between rnonetaty and real aggiegates 
reflects causation running either from real aggregates or from factors respon¬ 
sible for fluctuations in real aggregates to rnonetaty aggregates. In the quest 
for a more satisfactory model of the real effects of monetary policy, Hahn, 
like many others, looks again to Keynes for direction. In the end, however, 
Hahn does not get effectively beyond a tetelling of Keynesian stories. 

Hahn mainly emphasi/.es that failure of markets to clear and resulting 
Keynesian outcomes are not inconsistent with rational expectations. I his cor- 
rect point, however, does not confront the essential problem involved in 
understanding how a Keynesian relation between monetary policy and real 
aggregates can occur. An equilibrium in which the price level is approxi¬ 
mately proportionate to die money stock and Keynesian effects are absent has 
especially appealing properties. The theoretical derivation of such a non- 
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Keynesian equilibrium follows naturally from neoclassical maximi/ation pos¬ 
tulates and the presumption that exchange exhausts gains from trade, ideas 
that have proven powerful for understanding a wide range of economic 
phenomena. Moreover, convincing and apparently true stories exist about 
how prices and quantities respond to supply and demand and drive actual 
economies eventually to such an equilibrium. The problem for theory, then, 
is to explain precisely why the behavior of presumably tational agents appar¬ 
ently fails to speed up this convergence sufficiently to remove discernible 
Keynesian traces from the data. 

Hahn's idea, admittedly provisional, is to revive Keynes’s assumption that 
workers are concerned about relative wages. This assumption, however, 
whether realistic or not, does not seem to direct us toward a satisfactory 
solution. Most important, an equilibrium with rigid nominal wages would 
seem to require unanimous resistance to relative wage changes. I he behavior 
of a single deviant woiker who did not care about relative wages would start 
the economy moving toward a non-Keynesian equilibrium. The analysis then 
must return to the question of speed of convergence. Hahn's intone lusive 
discussion, as he appropriately notes, reflects how far we still are from a 
satisfactory theory of macroeconomic fluctuations. 

Leaving theory lot the moment, the weakest aspec ts of these lectures are 
Hahn’s attempts to evaluate and prescribe monetary policy. As suggested 
above, Hahn does not seem to appreciate the inability <>1 loimal theon/ing 
alone to generate operational policy prescriptions, and he ovetestimates the 
influence ol theoretical developments, especially equilibrium macroeconomic 
models, on policy. 

Hahn advocates a straightforward monetary polit y. He supposes that there 
exists excess supply in the labor market and. hence, what he defines as “in¬ 
voluntary unemployment." An expansionary monetary polirv can reduce this 
unemployment. His policy advice, therefore, is to increase the monev stock 
exactly as necessary to eliminate excess supply and to achieve “full employ¬ 
ment," but no more than that. 

This discussion exemplifies true innocence. Kvcn supposing that Hahn ! 
the right model, he nevei mentions the problem ol measuring in\olu' 
unemployment. Moreover, he atlt ibutes the dec line in enthusiasm foi . 
monetary policy in recent years to the concurrent shift in theoretic al etn; 
away from Keynesian models. He does not consider the possibility that 
developments result from the realization by economists and pet sons 
fairs, including Mr. Callaghan and Mrs. Thatcher, that his smiplist 
pi oat h to monetary policy, right out of a Keynesian textbook, proud' 
operational bounds on either monetary expansion or inflation. 

Another noteworthy shortcoming ol these lectures is that Halm indicates 
little interest in recent developments in macioeconometrics. Accordingly. Ins 
comments about the empirical relevance of theoretical models are limited to 
judgments about a priori plausibility and to casual and imptessionistic obser¬ 
vations. Mote basically, his neglect of tnacroecononierrics suggests that In¬ 
dues appreciate that the most important conn ibution that the uuoipoiatinn 
ol rational expectations into macroeconomic analysis has made to ihe subject 
concerns not policy but research strategy. For example, as John fas lor points 
out tn his review of Thomas Sargent’s book (Journal oj Monetary Ecanomie\. 
|uly 1981), the analysis of rational expectations that follows from the explicit 
introduction of stochastic elements into the theoretical framework directly 
generates econometric models that include explicit theoretical specifications 
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of disturbance terms. In t his way, the new macroeconomics integrates theory 
and econometrics. 

Returning to Hahn’s theoretical discussion, an idea to which he refers with 
less than characteristic clarity is the theory of implicit contracts. The underly¬ 
ing problem seems to be that, like other theorists who observe the neoclassical 
dietary laws in their ivory towers, Hahn is not able to suppress completely his 
discomfort with the terefah Keynesian phenomena that the real world seems to 
serve up. For example, after explaining that the concept of "involuntary 
unemployment" is meaningful in a Keynesian non-market-clearing context, 
he suddenly invokes implicit labor contracts, the theory of which, he neglects 
to mention, is strictly neoclassical and not Keynesian in the least. Then, he 
writes, "An involuntarily unemployed worker is thus not a ‘laid off' worker 
but one without a contract that he would be willing to accept at terms worse 
(in utility) than are prevailing" (p. 50). At last, real kosher bacon! 


Herschei. 1. Grossman 

Brown (.hnveisity 

Low Tax, Simple Tax, Flat Tax. By Robeki E. Hall and Alvin Rabusiika. 
New York: McGraw-Hill Book Co., 1983. Pp. 137. $18.95 (cloth); $9.95 

(paper). 

fins is an interesting, provocative, and deceptive book. Addressed to the 
geneial public and polic yniakers, it presents a serious proposal for reforming 
the federal tax system. It is lucidly written and succeeds admirably in avoiding 
technicalities and tax jargon. In fact, it is so well written that few nontechni¬ 
cal readers will undei stand the real—and radical—nature of ihe reform pro¬ 
posal. 

The authors propose to substitute for the present federal individual and 
corpoiation income taxes a Hat rate tax on labor income and unrein vested 
business income 1 Labor income is taxed at the individual level; business 
income that is not teinvested is taxed at the firm level. A personal exemption 
is allowed only against the rax on labor income. Otherwise, the tax base is 
comprehensively defined: no deductions are allowed for charitable contribu¬ 
tions, inteiest paid, state and local taxes, or even unusual medical expenses. 
Hie result is that the tax return forms are greatly simplified (the authors 
believe that the individual and business tax lot ms can be reduced to postcard 
size, but this is an exaggeration), and problems of tax administration and 
compliance are reduced. The authors are not only willing, but anxious, to 
give up rate graduation in the interest of simplicity and improved economic 
incentives. 

The deception arises in the way the authors explain their tax and its effects 
on the economy. As they tell it, they would tax all income once, just as Irving 
Fisher proposed almost fifty years ago (Fisher 1937). But what Fisher called 
an income tax was actually a tax on consumption; so is the Hall-Rabushka tax. 
Yet the relation between this tax and the consumption tax is mentioned only 
in two brief paragraphs, two-fifths of the way through the book. To make 


1 The lax is actually a value-added tax of the consumption type. The authors credit E 
Cary Brown for providing the theoretical foundations of siuh a tax in his graduaie 
public finance course, which one of the authors attended. 
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matters even more puzzling to the reader, there is no explanation of why the 
tax they propose—essentially a wage tax—is equivalent to a consumption 
tax. 2 Most people would be appalled by a proposal to substitute a wage tax for 
the present income tax, so the authors use the income tax label to camouflage 
the real nature of the tax. 

Comprehensive income taxation has a long history, dating back at least to 
Henry Simons’s Personal Income Taxation (1938). The idea is to tax all incomes 
without any exclusions, personal deductions, or tax credits. The revenue 
gained in this way would be used to reduce marginal tax rates. It has been 
estimated that the present average tax burdens in all income classes could be 
approximated by a comprehensive income tax with a rale schedule ranging 
from 9 percent in the bottom bracket to 28 percent in the top bracket (Pech- 
man and Scholz 1982). 

Hall and Rabushka firmly endorse the comprehensive tax approach. But 
they would substitute a single rate of 19 percent lor the modestly graduated 
rates in the comprehensive income tax plan. The Hat rate of 19 pci tent is 
about 40 percent lower than the 28 percent top average marginal rate under 
present law. The corresponding revenue loss is made up, of course, by higher 
taxes at lower levels. The break-even point is at an income of about $50,000: 
taxpayers with incomes above that would pay less tax than they do under 
present law, while those with lower incomes would pay mote. 

The authors acknowledge this unfortunate result but argue that the higher 
income generated by the increased incentives under the flat tax will moie 
than offset the higher tax burden in the lower part of the income scale 1 hey 
assume that their tax would increase total output in the economy 1 bv 9 pet- 
cent, relying mainly on an estimate by Jerry Hausman ol the effect of the 
present income tax on the number of hours worked. Hausman estimates that 
replacement of the present income tax by a lump-sum tax would me lease 
total hours of work about 8 percent (Hausman 1982, 1983); the auihots 
assumed that the same estimate would apply Lo their flat-iate tax. I he\ aie 
aware that the additional 8 percent of hours would yield a smaller add- 
output, so they cut the increase in output to 6 percent. 1 hen. they .u 
assume that there will be a “modest” additional increment to out, 
percent from “diasiieally improved entrepreneurial incentives ” Mb 
preneurial incentives are improved so much above the piexenl tax 
which provides many opportunities for tax avoidance, is not expl.m 

The assumption that the Hat-rate tax would increase horns ol w > • 
percent is incorrect primarily because this estimate applies only to li . 
and omits major segments of the labor force. ’ The Hat-rate lax would uu i ease 
hours of work by more than 8 percent for wives but by less than 8 peicenl loi 
single parents and unmarried workers. When appropriately weighted, H.ius- 
inan estimates that the increase in hours of woik under a Hat-iate tax would 
be only 5 percent; using the Hall-Rabushka 2 percentage point adjustment 
for the difference between the responses of hours of work and output, the 


1 1 he explanation is as follows, let Y = (.' + / = /. + It, wlieie V is total income', ('. is 
consumption, / is investment, /. is labor income, and H is business income 1 lie Hall- 
Rabushka lax base is /. + (/} — /)= Y — I — C III a world in which individuals 
consume all their income during their lifetimes and lax i.itcs and nueiest i.ites aie 
constant, the present value off. after lax will be equal to the present value ol ( alter tax 
for each individual (sec Warren 1975). 

It is also based on a comparison between the present lax system and a lump-sum tax 
and not a pioporlitmal tax. However, this difference is small. 
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increase in output would be only 3 percent. Even this may be an overesti¬ 
mate,' 1 but to expect an increase twice as large is pure fantasy. Moreover, 
although the Hausman calculations are measures of the long-run effect of 
lower margtnal tax rates, Hall and Rabushka are confident that some effect 
would be felt immediately and that the full effect will occur by the end of 7 
years. Finally, they fail to point out that the more traditional comprehensive 
income tax plans—those with graduated rates, but at much lower levels than 
the present schedules—would achieve most of the economic gains of a flat 
tax. 

[he authors’ estimate of the base of their tax is also somewhat cavalier. 
They derive their estimate from (he gross national product data, without 
allowing for the large differences between incomes reported on tax returns 
and the national income account figures. Labor incomes are fairly accurately 
teported on tax returns because of withholding; nonlabor incomes, on the 
other hand, are underreported by vety large amounts (Paik 1983). Thus, 
Hall and Rabushka overestimate their business income tax base by at least 
$150 billion.’ To offset this loss of tax base, theit Hat rax rate of 19 percent 
would have to be raised to 21 percent. 

I he advantages and disadvantages of the income and consumption taxes 
have been debated (or years by economists (see Pechman 1980), but Hall and 
Rabushka have no doubt that the consumption tax is the better approach. 
1 hey shrug off all the problems of transition, blithely accept the tedisiribu- 
tioti of tax burdens among irtefiv iduals and firms entailed by their plan, and— 
unlike other consumption tax advocates—arc completely insensitive to the 
effects of the consumption tax on the disti ibution of wealth. Many consump¬ 
tion tax advocates support effective wealth or estate and gift taxes to prevent 
excessive concentration ol wealth and power under a consumption tax. By 
contrast. Hall and Rabushka would repeal even the weak estate and gilt taxes 
now in effect. 

Idle present income (ax is Hawed, and it can he greatly impiovcd and 
simplified. Hall and Rabushka’s support for a comprehensive tax is welcome. 
But their substitution of a consumption tax for the income lax and abandon¬ 
ment of rate graduation would generate a wholesale redistribution ol the tax 
burden that is unwarranted and ill advised. 


Josti’ii A, Pechman 

hmohings Institution 
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Law and Inflation. By Kf.ITII S. Rosenn. 

Philadelphia: University ol Pennsylvania Piess, 1982. Pp. 451. $10.00 


Inflation is usually dealt with as a phenomenon in the realm of economics. 
Economists are not in agreement as to the causes of inflation, its cures, and 
even its definition. It is defined, however, in terms used bv the economist— 
money, prices, incomes, and so forth. But the consequences ol inflation go 
beyond the sphere of economic analysis and economic policv. and under¬ 
standing those consequences requites an interdisciplinaiv study. 

Rosenn's book is a study in the interrelationships between economics and 
law. It is a rare study ol its kind. Despite the fact that all modem economic 
activity is performed within the legal framework provided by states, ccmoo 
mists tend to play down the signific am e of legal institutions m the sli " 
economic behavior. A similar lack of inleiesl in the working of the c c 
quite common among lawyers. An eminent legal scholar (Fricdm r 
pp. 14-15) explained the disregard often shown by lawveis to eicim 
social realities m the following terms: 

"Though the law is obviously concerned with politics, econo 
cial life, ethics, it is its function to give them form and nidi ■ 
this relation of law to the mallets which it regulates, ihcic- clc vc ,, 
three characteristic features, all sound in principle and indeed fun 
damental to the idea ol law, yet all apt to divorce law liom social 
reality in a lime ol ciisis. 

I he hist ol these characteristics is stability ■ . the desire of the 
lawyer to preserve stability ol conditions may, and often does, blind 
him to soc ial changes and developments. . . 

The second characteristic is formalism . . . there is little doubt that, 
for the aveiage lawyer, the form of regulating a specific social iela¬ 
tion becomes more important than the scxial relation itself. 

Thirdly, and perhaps most inipoilant in its ef fect, there is the desire 
for sec urity from disorder. . , . F.ncouiaged by the method of legal 
education, law developed into a skilled craft, a professional tech¬ 
nique, putsued with less and less regard for the social mallei which it 
was to regulate. 
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The consequences of these attitudes are shown in Rosenn’s survey of the 
ways in which various legal systems grappled with the problems of inflation. 
The nominalist doctrine of the value of money postulates that the value 
imposed by the sovereign is the value of money. This principle, which was 
accepted by most civil and common-law systems, embodies the attributes of 
stability and formalism; it is ill suited to cope with circumstances of persistent 
inflation But the realities of inflation could not be ignored. In severe cases of 
runaway inflation, legislative revalorization was sometimes resorted to. Scal¬ 
ing statutes of various kinds were enacted in the United States (following the 
War of Independence and the Civil War), France (1796-98), Austria (1811), 
Poland (1924), and Cermany (1925). In most cases of inflationary distortions, 
the task of gi anting relief from the inequitable consequences was handled by 
the courts. A whole variety of legal doctrines were devised to enable the 
modification of contracts undermined by unanticipated inflation. But the 
prevailing legal doctrine was based on correcting the distortions ex post facto, 
flic introduction of paper money as compulsory legal tender led to the 
espousal of the nominalist ptmciple as public policy by many legislatures and 
courts. 

l he opposition to the use of stabilization clauses designed to protect con- 
uacts and other obligations from changes in the value of money is less deter¬ 
mined now than it used to he. Rosenn describes the various categories of 
stabilization clauses and devotes particular attention to the experience of 
three countries that have instituteci indexation on a broad scale—Brazil, Fin¬ 
land, and Israel. No unequivocal policy conclusion emerges from these expe¬ 
riences. Two questions to be answered in the matter of public policy are: (1) 
Should private parlies be free to ptovide lor the protection of their contrac¬ 
tual relationships through indexation or similar devices, or should such in¬ 
dexed contracts be considered contrary to public policy? (2) Should the 
state initiate the introduction of indexation in matters provided fot by law: 
damages, compensation, taxation, and so forth? The case for outlawing in¬ 
dexation of pnvate contracts—which rests on adherence to the nominalist 
principle—seems very shaky in the light of past experience and present cir¬ 
cumstances. But what about adopting comprehensive indexation? Rosenn 
shows that thete is no evidence to support the claim that indexation is likely 
to become an autonomous souice of inflation. It is true that complete wage 
indexation may lead to inflationary wage settlements, but pai tial indexation is 
not subject to the same criticism. It can be clearly shown, on the other hand, 
that indexation reduces the unfairness and misallocation of resources 
generated by persistent inflation. The performance of the credit market and 
of the tax system can be improved by the judicious use of indexation. 
Rosenn’s conclusion is that the benefits outweigh the risks. 

Applying my Israeli experience to this conclusion I tend to agree with 
Rosenn, but with much less confidence than I would have had in its validity 
only a few years back. Indexation of wage contrails and of financial instru¬ 
ments was introduced in Isiael in the late 1940s and the early 1950s. A 
relatively peacelul atmosphere of industrial relations and a very high rate ot 
personal saving can, at least partly, be attributed to the widespread use of 
indexation. From 1954 to 1973 the inflation rate in Israel averaged 7 percent 
per annum—high, in comparison to the United Stales and Western Europe, 
but tolerable. In those years the real gross national product was growing at an 
average annual rate of almost 10 percent. 

The pattern changed following the 1973 war and the oil price shock. Eco- 
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nomic growth slowed down to less than 3 percent per annum, and the rate of 
inflation has surged ahead from 30-40 percent a year in 1974-77 to 100-130 
percent a year in 1980-82. In an environment of slow growth and rapid 
inflation, the virtues of overall indexation seem more questionable. On the 
one hand, the economy has continued to function—severe inflation did not 
lead to hyperinflation and a collapse of the economic order. But, on the other 
hand, inflation has fed on itself through the mechanisms of indexation. The 
political incentives to impose economic measures that may cause unemploy¬ 
ment and lower the standard of living were weakened, because wages and 
savings were protected from erosion by various value clauses. (The impact of 
inflation has manifested itself in a deteriorating balance-of-payments situa¬ 
tion.) 

The prolongation of inflation has led to numerous distortions in the alloca¬ 
tion of resources, ft has necessitated the introduction of complex tax legisla¬ 
tion in order to prevent the taxation of capital, on the one hand, and to close 
various loopholes of tax avoidance, on the other. Indexation has cot reeled 
certain evils associated with inflation but has become an impediment to the 
introduction of economic policies essential to an effective containment of 
inflation. The Israeli experience of the past decade does not undermine 
Rosenn’s conclusion, but it casts some doubt on its untvetsal applicability. 

An interdisciplinary study should be judged according to its usefulness to 
students of both disciplines. I believe that economists and lawyets alike will 
benefit from the comprehensive coverage ol the subject in this book An 
important advantage of Law and Inflation is that as a comparative study it 
provides its readers with a broad range of international experience m an 
effort to cope with the legal consequences of inflation Such experiente does 
not offer ready-made solutions to the problems, but it certainly clarifies ilien 
complexity. Rosenn’s book fills a void in the literature on inflation and should 
find its place in the libraries of both economists and lawyets. 

Mfir Hi im 

Hebrew University, Jerusalem 
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(paper). 

Although population economics has a venerable history dating at least as fai 
back as Malthus, its latest flowering is telatively recent the iexited interest in 
human reproduction and household economic activity that began m the mid- 
1960s has led to a substantial literature on demographic-economic interac¬ 
tions, and Paul Schulte has written an informative leview of an important part 
of it. 

Quantitatively, the bulk of recent research on population economics deals 
with economic and demographic decision making at the household level, and 
Schultz devotes primary attention to that general area. Indeed, the main 
organizational theme of the book concerns the contribution that household 
demand models can make to the study of demographic behavior. Beginning 
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(chap. 2) with a survey of population changes in preindustrial Europe, 
St hultz uses the Malthusian model as a framework for the analysis of lei tility 
and mortality determinants and as a basis on which to illustrate the potential 
contributions of the microeconomic theories. Chapter 2 is also notable for its 
succ inct interpretation of lerent innovative research by Ronald Lee on the 
population of preindustrial England. 

Chapter 3 is a review of histoncal and contemporary population trends. It 
contains sections devoted to trends in population size and distribution, a 
description of the world mortality decline, the significance ol recent age struc¬ 
ture shifts m the industrial countries, the impact of rapid population growth 
in low-income countries, and a discussion of the interaction between technical 
change anti population growth. The latter uses Ester Boserup’s theory of 
population-driven technical change as a vehicle for discussion. Chapter 3 
closes with two historical case studies, Taiwan and Colombia. Much of 
Schultz’s own research has been conducted in these two countries, and they 
setve the same exemplary function throughout the remainder ol the book. 

The bulk of the remaining chapters is devoted to a presentation of various 
applic ations of the new home economics to demographic issues. (chapter 4 is a 
well-written and useful intiodiiction to the microeconomics of the house¬ 
hold that takes the reader from the traditional utility-maximization model, 
through labor-leisure choices and the tune-allocation model ol Clary Becker 
(I9f»5), to rnultipeistm household demand. Particulatlv valuable is Schultz's 
discussion in an appendix of the definition and empirical measurement of 
"lull income," a concept from Becker (1965) that has been the source of 
consideiable confusion. 

Chapter 5 desc ribes the historical course of mortality trends, reviews the 
sources of differential mortality, and assesses the role ol mortality and mor¬ 
bidity conditions in affecting human tepioduciion. Schuli/ is able to draw on 
his own research on fertility-moitality relationships to inform this chapter. 

Chapter ti surveys economic models of fertility including Fasterlin’s (19t»N) 
explanation of the fluctuations in U.S fertility over the past 5 decades and the 
distinc t line of research inspited by Berker (I960). Easterlin's model is per¬ 
haps the most widely cited explanation of the baby boom of the 1950s and of 
(he subsequent “baby bust.” Schultz is critical for a numbei of teasotis: ( 1 ) 
Easterlin’s theory does not internally generate an explanation of the “secular 
dow ntrend in fertility” that characterizes high-income countries. (2) It focuses 
almost exclusively on supply-side effects on fertility, ignoring changes in 
aggregate demand for goods and services that might counter the cyclical 
effects proposed by Easlerlin. (3) It pays only token attention to the secular 
rise in women’s labor force participation that has characterized Europe and 
North America. 

Schultz's last point is well founded: Easterlin treats inadequately the steady 
rise in female labor force participation m the decades following Wot Id War 
II. With respect to the first criticism, however, Schultz misses one of the main 
features of Easterlin’s analysis of U.S. fertility since the mid-nineteenth cen¬ 
tury. Easterlin takes great pains to argue that the secular decline in U.S. 
fertility until the mid-1930s can be explained by the decline of the fertility ol 
rural-born native whites and of foreign-born whiles. As these two groups 
became assimilated, their fertility came to resemble that of urban native 
whites whose fertility had been low since the nineteenth century. It is not, 
therefore, dear that Easterlin would admit that there is any downward trend 
to explain in postwar American fertility. 
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This view puls Easterlin in conflict with critics who argue that the current 
low fertility in the United States is, indeed, the result of a ttend that steins 
irreversibly from social and economic development. The social demog¬ 
raphers who hold this view rely almost totally on changes in social norms and 
tastes in order to predict a permanent decline in aggregate American fertility. 

Schultz, however, is reluctant to assign tastes an important role in the 
determination of demographic behavior. He defines them as residual effects 
that account for behavioral differences once economic factors are controlled. 
Then, by arguing that tastes in general are tandomly distributed or self- 
canceling in the aggregate, he dismisses them as determinants of behavior 
worth study. This is, of course, a common analytical simplthiation in econom¬ 
ics; however, it may not be appropriate in an area in which economic variables 
generally perform unimpressively in empirical studies. 

The second part of chapter 6 is an extended treatment ol the microeco¬ 
nomic model of fertility that stems from Becker (1960) and the new home 
economics time-allocation literature. Schultz presents a lucid account of the 
technical features of the model and offers useful criticisms. This section is 
recommended to anyone who wishes to read a succinct and clear assessment 
of the contributions anti problems inherent in the new home economics 
model of fertility. 

Chapter 6 concludes with two empirical case studies of the relationship 
between fertility and wage rates as well as a discussion of issues in population 
policy. The latter selec tion represents the only extended policy discussion in 
the book, and as such it does not do the topic justice. Population programs, 
especially as observed m the I hird World, offer textbook examples ol how 
economic analysis is applied, misapplied, or not applied to specific policy 
questions. Schultz could profitably have devoted achaptet to, say, the Indian 
family planning ptogram, a progiam that contains a wealth of examples ol 
the use and misuse of economic analysis in population programs. 

Chapter 7 is an extensive review of the relationship between lal><" 
participation and economic development. The discussion again rein 
household time-allocation model and uses it to analyze secular chnng 
supply of labor and their relationship to the development process 
national comparisons of labot force participation rates are also pi. 
and Colombia setves as a more detailed case study. I bis chapter mi 
benefited from a fuller consideration of the implications of the lain 
trends that it documents. 

Schultz concludes by considering again how the household-demand modi i 
can contribute to the study of demographic behavior. The discussion raises 
some important issues of research methodology , and not all of Schultz's \ iew s 
are noncontroversial. Because he adopts a model that mandates a complete 
life-cycle allocation of resources at some vvell-delined decision point, Schultz 
is quite emphatic that demands lot children, for niaikel work, and lot non¬ 
market time must be characterized as reduced-form demand functions 
Therefore, he is very critical of studies that condition, for example, the sup¬ 
ply of a mother’s market work on the number of children in the household. 
He argues that both these variables are endogenous and that the reduced- 
form equation explaining one cannot contain the other as an explanatotv 
variable. Family size and hours of work are. therefore, the jointly determined 
outcomes of a life-cycle resource-allocation process. 

Here Schultz is addressing an issue that is basic to any researcher who uses 
noncxperimenlal data: how to represent causal structure and how to divide 



JOURNAL. OF POLITICAL ECONOMY 


34 8 

available variables into endogenous and exogenous sets. The proper way to 
make these decisions depends fundamentally on the research questions posed 
and the data available. Use of a particular analytical framework (e.g., the life- 
cycle resource-allocation model) may be inappropriate given the data avail¬ 
able or the specific objectives of the research. 

Even if the model is appropriate, use of it does not guarantee that anoma¬ 
lies are avoided. Schulte for example, is unwilling to accept age at marriage as 
a predetermined variable in fertility analysis because it too is endogenous in a 
life-cycle context. Nevertheless, he is willing to award predetermined status to 
"education” even though it is every bit as likely to be endogenous in a life- 
cycle model. Issues such as this bedevil nouexperimental data analysis, and 
empirical researchers cannot as a result afford the inflexible application of 
theory that Schultz appears to be advocating here. 

Perhaps the most disappointing feature of the literature in economic de¬ 
mography as reflected in Schultz's book is its failure to deal seriously with the 
context within which resource allocation takes place. Economics is primarily 
the study ol allocative decisions made subject to the constraints placed on 
decision makers by social institutions, governments, resource availability, 
technology, and prices. Many of these decisions can Ire studied as if the social 
system has little systematic effect on them. However, demographic behavior 
would appear to have strong and systematic connections to the social system, 
and much of the literature that Schultz has chosen to review suggests that 
economists have little interest in exploring these connections. This is disap¬ 
pointing because economic demography ought to be more concerned with 
the response of individual decision makers to changes in the social and eco¬ 
nomic environment. The reluctance of economists to cast their nets wider 
diminishes (he (ontribution of the economic approach and hinders its accep¬ 
tance by noneconomists studying the same questions. 

Although Etonomu s of Population is, as Schultz is at pains to acknowledge, 
selective in scope, it is a valuable review of an important part of the revitalized 
field of economic demography. It provides concise and clear expositions of 
many important topics and it offers a latge but not exhaustive bibliography. 
Paul Schultz is to be congratulated for contributing an excellent introduction 
to the economics of population. 

Boone A. Turciii 

University of North Carolina 

Umversitat-Gesamthochsckule, Paderbom, West Germany 
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A fundamental difficulty in devising anv test of general efficient 
market hypotheses is the specification of the relevant public and 
private information sets of traders Without a consensus as to n 
sonable empirical specifications, tests of ihe hypotheses rerun' 
minimal or controversial. In this study we examine the elfic iem \ 
experimental asset markets in which one may unambiguously id< r 
tify the public and piivjle infoiillation sets of tiadeis. We focus . 
flow market efficiency is af fected by the presence of futures mat ki 
in settings that incoiporate different types of uiiceilaintv and insnii 
information. Our experimental results support four c(inclusions (I j 
market outcomes tend to evolve toward strong-form informationally 
efficient equilibria, whether or not futures markets and/or event 
uncertainty are present; (2) the presence of futures markets clearly 
stabilizes spot piices; (3) the presence of futures inafkels tends to 
speed the evolution of asset markets to more efficient equilibria 
when there is event unceitainty; and (-1) luluies markets pi nmole 
the “leakage" of inside information, with strong-form pi ediclions 
outpet forming semi-strong-form predictions. 
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An informationally efficient market may be defined generally as one 
in which prices and allocations reflect all available information. This 
definition, coupled with certain assumptions about what might consti¬ 
tute “all available information,” leads to testable hypotheses about the 
behavior of asset markets. A fundamental difficulty in devising any 
test of such general efficient market hypotheses, however, is the 
specification of the relevant public and private information sets of 
traders. Without a consensus as to reasonable empirical specifications, 
tests of the hypotheses remain minimal or controversial. In this study 
we examine the efficiency of experimental asset markets in which one 
may unambiguously identify the'public and private information sets 
of traders. We locus on how market efficiency is affected by the 
presente of futures markets in Settings that incorporate different 
types of uiicertttirity and inside information. 

A. Px'xwus l.iteuihne 

In recent yeais theorists have become increasingly interested in the 
infot maiional role of pi ices in general and futures prices in particular 
(see, e.g., Grossman 197b, 1977, 1978; Grossman and Stiglitz 197b, 
1980; Bray 1981). These theorists study a world in which information 
relevant to agents’ intertemporal choices is dispersed throughout the 
etonomy. Under some conditions they find that competitive equilib¬ 
rium juices will reveal everything that lational agents need to know to 
make choices that result in a fully efficient allocation. 1 hat is, the 
economy may achieve an allocation that is the same as that which 
would arise in a fictitious but otherwise similar economy in which each 
agent has access not only to his own personal information Gut also to 
the personal information of each other agent. In this case prices are 
said to he perfect aggregators of information and the market is con¬ 
sidered strongly efficient. Competitive equilibria reflecting more lim¬ 
ited information are referred to below as weakly efficient. 1 

To illustrate the informational role of prices, Grossman (1977) 
models a case in which spot prices alone do not pertectly aggregate 
information but spot prices together with futures jjrices do. He ar¬ 
gues that such information aggregation is a major function of futures 
markets. On the other hand, Svensson (1976), among others, has 
argued that the existence of sequential trading opportunities and the 


1 In Fa ma (1970), wcak-foim tl helency has a more precise definition (information 
sets consist only of past prn cs) than we employ here. We do employ Faina's distinction 
between semi-strong-form efficiency (only public information) and strong-form 
efficiency (all informal ion, public and private, is reflected in prices). 
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simultaneous operation of spot and futures markets might lead to 
Pareto-inefficient outcomes. 

Indeed, there is a widely held belief (long reflected in public opin¬ 
ion, futures markets regulatory proposals, and the writings of econo¬ 
mists such as Hardy [1940]) that organized futures markets display 
many features in common with gambling casinos and induce “unwar¬ 
ranted and undesirable” spot-price fluctuations as volatile futures 
prices feed back to the spot market via storage and production deci¬ 
sions. Conventional empirical examinations of this controversy in¬ 
volve comparisons of spot-price dispersion for time periods associated 
with, and then without, the presence of active futures trading in the 
good. The evidence for this class of tests has been noticeably mixed — 
see, for example, the results of Cox (197fi) and his survey of other 
studies using this empirical approach. Besides the frequent lark of a 
theoretical model to tightly specify the tests and interpret the results, 
the long time periods involved suggest ltkelv violations of the implied 
ceteris paribus assumption. 

The expeiintenta! approach offers the possibility of direct tests of 
market efficiency in which both market structure and individual in¬ 
formation sets can he tightly controlled, so its recent populatin in the 
study of market efficiency issues is not surprising. The studies most 
relevant to our present concerns are Forsythe, Palfrey, and Plot! 
(1982a, 19826), Plott and Sunder (1982), and Friedman, Harrison, 
and Salmon (1983), hereafter referred to as FPP«, FPP b. PS. and 
FHS, respectively. All of these studies employed a double oral auc non 
for multiple units ol a single good (the “asset ") ttaded against i.iT 
They differ piimaiily in their treatment of two critical elemci 
asset valuation: lime and unceitainty. 

PS focused on uncertainty. Their asset expired alter a single | 
but had trader-specific marginal values that depended oil an c ■ 
nous "state of nature." Trade typically occurred before the m 
nature was revealed, although in some cases certain agents i ■ 
ers”) had advance information. I hey found that equilibrium pi 
usually revealed the inside information after several repetitions ol the 
market, at least when that inhumation was conclusive as to the line 
state of nature. 

FPPa focused on time. Their asset derived its value liom cash divi¬ 
dends paid over 2 periods, but each trader knew his own dividend 
schedule with certainty. Inasmuch as Udders did not know otheis" 
schedules and therefore did not know at first what prices would be 
available to them, there existed an endogenous type of uncertainiv 
that we term “market uncertainty" in contrast with the exogenous 
event uncertainty of PS. FPPn found that asset prices approached 
"rational expectations" values after several repetitions of the market. 
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The experiments reported in FPP/>, which were conducted inde¬ 
pendently of those reported here, extended their previous design in 
two ways: they systematically examined the role of a futures market 
and (unlike the rest of the asset market studies, including our own) 
paid dividends as nonlinear functions of asset holdings. Their main 
conclusions were that futures markets speeded convergence to ra¬ 
tional expectations equilibrium but at the same time increased spot- 
price volatility during the transition to that equilibrium. 

H. Current Approach 

FHS was a preliminary report on the lust four of a set of nine experi¬ 
ments we conducted at UCLA in 1982.' These experiments, disc ussed 
more fully in the next section, employed <1 3-period design that also 
allowed for event uncertainty and insider information, with or with¬ 
out futures markets. Within this design we are able to test the ro¬ 
bustness of the PS and FPPtt results, as well as obtain more refined 
characterizations of informational efficiency than has previously- 
been possible in experimental asset markets. 

FHS examined trader experience and the presence of f utures mar¬ 
kets as treatment variables in a setting with no event uncertainty. FI IS 
confirmed the importance of both variables in speeding convergence 
toward more informationally efficient prices and found that spot 
prices were less volatile when futures markets operated. We will com¬ 
ment later on this contrast with the FPPft finding. 

The present paper is our final report on this set of experiments. In 
the interest of brevity we will examine below only the six experiments 
that employed experienced subjects. ' We omit discussion of learning 
behavior and other issues raised in FHS that are tangential to infor¬ 
mational efficiency. Following a description of our experimental de¬ 
sign in Section If, we provide a detailed numerical example in Section 
III to illustrate the operation of our markets and analytically derive 
several theoretical equilibria reflecting different amounts of informa¬ 
tion. We present our experimental results in Section IV and out- 
conclusions in Section V. Appendix A presents more fully the theory 
underlying our equilibrium concepts and Appendix B provides a 


' l The experiments listed in table I below .is I and 2 appeared in FHS as Experiments 
3 and 4 The other expel iments listed m table I have not been pic-siotisly reported. We 
do not report here an expeiiment using irieX|K'rienced subjects that was intended for 
naming pm poses 

' We regard an experiment as involving experienced subjects d al least iluee- 
cjuarteis of the current participants have been subjects in a pievious S-peuod expeli- 
inental asset maikel. 
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detailed descriptive account of individual trader behavior in each 
experiment. 

II. Experimental Design 

A. Common Experimental Design Features 

The participants in our experiments, referred to as traders, were 
recruited primarily from MBA classes at the UCLA Graduate School 
of Management—as likely a habitat for Homo earn amicus as we could 
think of. After distributing and reviewing the instruction sheets 
(available on request), we conducted double-oral-auction markets. 
Our traders were free to announce bid and offer prices and accept 
the bids or offers of othets as long as they did not violate any budget 
constraint. Transacted prices were publicly recorded. The assets 
traded were called cei tificates; they yielded returns, called dividends, 
to traders who possessed them at the end of each trading period. 

Each experiment consisted of a seties of “Market Years," which can 
be thought of as Hicksian weeks. Within each Market Year there were 
three trading periods, referred to as periods A, B, and C. Each trad¬ 
ing period lasted for 5 minutes (real time) and each trader could buy 
or sell one certificate at a time. Lot sales, short sales (i.e.. short spot 
positions and “naked" short futures positions), and negative cash po¬ 
sitions were prohibited.' At the beginning of each Market Year each 
trader was endowed with two cerlihcates and an interest-free loan of 
$20. The loans were sufficiently latge that the liquidity constian.. 
never an impediment to trade. 

Incentives for exchange among traders were provided In v. 
the per certificate dividends across individuals as well as acn 
riods. There were three trader types, with individuals randoi: 
signed to each group; table 1 provides details of the paramo 
lions for each experiment. The underlying period-specific ceiniH 
returns were identical across Market Years—identical in the aggie- 
gate and for each individual.’ Thus the markets were repetitively 
stationary from year to year, traders were not informed ol this station- 
arity; they had to learn about it in "real time." Each individual was 
carefully monitored so that his or her private dividend profile was not 


1 t’loii and Sunder (I’.tHS) is die (list study Hi allow slum (sjait) positions within a 
trading period. They employ a simple and apparently ellective penaln on am tiadet 
short at the end of any period (namely, a fixed pecuniary penalty plus the tec|uuement 
that the trader implicitly cover himself at the highest It ansae lion ptite during the 
period). 

' A minor exrcption in Market Yeai It of Espctiment 2 is noted in table I 
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TABLE I 

Induced Experimental Market Parameters 


A(.ents Dividend Profile: 


Lxplkimini and 


ID 






MARK* r Iv.S I 1 I I I ION 

type 

Number 

A 


B 

c: 


i. 

Market uncertain tv 

I 

1, 3, 6 

.45 


45 

45 


No fut uit*s 

11 

4, 7, 9 

70 


30 

.10 



111 

I?. 5, 8 

10 


.30 

.70 


Markei uncertainly 

1 

5, 7. 9 

.75 


20 

10 


Futures 

II 

1, 3. 6 

.40 


.45 

.45 



111 

2, 4, 8 

15 


.30 

.80 





X 

Y 

X Y 

X 

Y 

:v 

F.xcnt uniei faintv 

1 

2. 7. 9 

.30 

til) 

25 .53 

.35 

70 

No lultiics 

II 

1. 4. 6 

15 

.15 

70 .70 

20 

20 


III 

X 5, 8 

.10 

30 

53 40 

.70 

55 

Event umciumly 

I 

1, (i, *) 

25 

75 

10 60 

.50 

1 00 

Fui iiies 

II 

3, f>, 8 

20 

20 

80 80 

.30 

.30 


III 

2. 4. 7 

.50 

30 

.60 .30 

1 00 

.70 

lnsidei uncertainty 

1 

2, 5«. ti 

50 

30 

.35 30 

50 

.30 

No tutuies 

11 

1, 8. >)* 

25 

25 

.45 60 

40 

20 


111 

:t, 4,7* 

20 

40 

SO 50 

.30 

80 

6 








Insider uiicerMnitv 

1 

1. 1*. 9 

15 

30 

35 .35 

35 

25 

h unites 

II 

3. 5. 7* 

.15 

50 

30 .60 

45 

30 


III 

2*. 6, 8 

20 

40 

.40 .45 

.30 

70 

Nod - In M.ukrt tp.it "i 

tl V \jh'| tmenl 

2 ,i tandom 

tMSSIglHimi 

"t ■‘K 1 

tits fo trader ivjk* 

cm inited. invcswn 


Iv|H’ 1 <ohmsu (l of ag< ms l. V ,iml *>, t\|x- II of agent*, 4, b, and H, and t> j>e 111 of agi'iiis 2, 7, ami M l he paiaincieis 
shown here puum (■> all oihtr Market Ytais In k sjimmeMiN r > am) b an asiciisk liesHlt* an agent 11) numbei 
drni >Ii*s n iMilets In Maikti Yi'.h 5 of I xpcnmnii 'i iberr was a i bangc m ibe ugems of <\»i h n |K“ dial wnc imtdets 
ag< ms 1?, I, and 1 weie ihe insiders for thal Market Yeai only 


obsci veil by any other trader. Possibilities for explicit or implicit collu¬ 
sion were effectively nil. 

To motivate the experimental setup one can think of the traders as 
grain merchants trading in warehouse certificates that have a par 
value of zero but provide each trader with a finite lime profile of 
convenience yields. Of course, in our experiments traders actually 
received a cash “dividend” for each certificate held at the end of each 
trading period, and the certificates expired after the Market Year 
ended. 

In Experiment 1 trading consisted of an immediate exchange of 
cash for certificates at accepted bid or of fer prices (i.e., spot transac¬ 
tions only). In Experiment 2 we permitted futures transactions as 
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well. The futures contract consisted of the delivery of a certificate in 
period C. Futures contracts as well as spot contracts could he written 
in both period A and period B. In periods A and B dividends were 
paid as usual for each (spot) certificate held at the end of that period. 
No transactions were allowed in period C in Experiment 2, but de¬ 
liveries previously contracted for were performed. An individual with 
a net long (short) futures position was required to take (make) deliv¬ 
ery of the certificates, and then period C dividends were distiibuted. 
A natural interpretation of period C is that it corresponds to the day 
after the last trading day in the delivery month of a futures contract. 
Note that an agent had ample oppoiiunity to offset futures positions 
during periods A and B. However, because of the restriction on short 
sales, agents’ short futures positions were limited to the quantity of 
inventoried spot certificates at any point in time. For a given net short 
position an agent’s spot sales were also constrained. 

In all experiments traders were given a small trading commission of 
1 cent per transaction. Such commissions are a standard feature of 
most experimental market studies; the usual rationale fot their inclu¬ 
sion is to overcome subjective transaction costs that might be espe¬ 
cially relevant when transacted prices are verv dose to a market- 
clearing price. At the end of each experiment we paid our tiaders in 
cash for all piofits accrued from dividends and trading. 

It. The Event and Insider Unceitmnty Designs 

The distinguishing feature of Experiments 3 and 1 is that ca<' 
er’s dividend profile is specific to a “state of nature ” 1 wo di‘ 
slates, X and Y, were possible. At the beginning of the expcnn 
traders were told that we would flip a fair coin .it the end <u 
period A trading round, and it the coin came tip heads then -i 
occurs and if the coin showed tails then slate 5’ occ ins tor that V 
Year. Thus, at the beginning of peiiod A all tcadets had cm, 
prior beliefs about the ultimate realualion of state X or Y. basin 
public knowledge that each state had a 50 percent probabihtv of oc¬ 
curring for each Market Year, and trading during peiiod A occulted 
under this well-defined event uncertainty. I he uncertaintv was then 
resolved as advertised, 1 ’ so periods B and (I repiesented posteiior 
tiading rounds in which agents had tlie opportunity to revise then 
poitfolio of certificate holdings under conditions of no event unier- 


’ PliKt and Sunder ( 1983) iiuindmc die idea <>t at lu.ilK uniiouiu ini’ si.iu > ol iiutuie 
twin a predetermined sequente Although llieie is no evidente dial dns .hi lined 
m their experiments, we were coneeiiied dial traders not liegin to "setond-ipiess" 
the sequence of events. 



3">ti JOURNAL OF POLITICAL ECONOMY 

TABLE 2 

IhrOMIHK AI hXPEKiMl-MAL MaRKL'I PARAMh TKHS 



Ac.IN 1 s 


DlVIOtNU Proulk 


Type 

11) Numbei 

Period A 

Period B 

Period C 

1 

1. 2, 3 

45 

.45 

45 

II 

t. 5, b 

70 

:«» 

10 

III 

7. 8, 9 

.10 

.30 

.70 


(amiy, as in the pieviotis experimental design. The futures market in 
Experiment 4 operated in the same manner as in Experiment 2, ex¬ 
cept that in peiiod A trading for period C certificates was subject to 
the same event uncertainty as spot trading. 

I lte insider uncertainty design built on the event uncertainty de¬ 
sign. The distinguishing feature of Experiments 5 and 6 was that one 
trader of each trader type was randomly selec ted to teceive conclusive 
information about which state would occur before petiod A trading 
took place for each Maiket Year. 7 This was accomplished by the ex¬ 
perimenter's leaving the room before the start of the expeiintent, 
flipping a coin, and then writing down the results on 3 out of 9 cards. 

Cards which read either "no information" or “state __were put 

into envelopes and passed out to the traders. Thus, the six noninsid¬ 
ers did not have prior knowledge about the identity of the insiders. 
These experiments then proceeded in the same manner as the event 
uncei minty expei intents. 

III. Theoretical Analysis and Predictions 

A. An Example 

A concrete numerical example will help the reader develop an intui¬ 
tion for how our markets work and reduce the need for a lengthy 
abstract discussion in the next tew subsections. Let us begin with the 
hypothetical dividend profile and agent assignment shown in table 2. 

Consider the strategic opportunities available to (say) agent 9 in 
period C—the last trading period of a Market Year w ith spot trading 


7 Inconclusive inside mini in.Hum (a sines <>t '(lues'' as to the Hue stale) lias been 
examined experimentally in Lxpetmieiit I of PS They find that convergence to the 
rational cxjiec tat ions equilibrium is nuu h slower in this tase compaied to experiments 
with conclusive inside mloimnlioii Plot! and Sunder (1983) also implement inconclu¬ 
sive inside inftn mauon (no trader knows the true stale, but their pooled information set 
is < (inclusive) 
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only. Since he has a dividend profile of type III, he will receive $0.70 
for each certificate he owns at the end of the period’s trading, and the 
certificates have no further value to hirn or anyone else. Hence, $0.70 
represents his “reservation price”: he will profit by any purchases he 
can make at a lower price and sales at any higher price. Agent 9 has 
no direct knowledge of the reservation prices of other agents. He will 
soon discover, however, that nobody can afford to outbid hirn, while 
he cannot undersell anyone. Hence, he may find that if he actively 
bids and aggressively accepts offers he will acquire certificates at 
prices below his reservation price—but probably not inuc h below and 
not for long. Agents 7 and 8 also have a reservation price of $0.70. so 
if either one of them notices that agent 9 is snapping up certificates at 
(say) $().(i(), one or both are likely to begin to bid (say) $0.f52 or $0.(55 
in an attempt to acquire the certificates. This process may be expected 
to raise the transacted price to $0.70 in fairly short order (recall the 1- 
cent trading commission) as long as at least two of the type 111 traders 
actively attempt to buy up “cheap" certificates. Evidently $0.70, the 
highest reservation price, 8 is the equilibrium price for period C. and 
the corresponding allocation involves all certificates being held bv the 
type 111 agents. Presumably the most aggressive bidder among them 
gets the lion’s share. 

Now consider trading in the prior petiotl B. At this point our agent 
9 knows a certificate will yield him at least $0.30 (current dividend) t- 
$0.70 (period C dividend) = $1.00. and possibly more if he were able 
to resell in the current period at a pric e above $1.00 or in pen i<"' ' 
a price above $0.70. We are unable to determine Ins resen an* 
in this period without knowing his altitude t<> risk and the p> 
ties he assigns to these resale possibilities, but we do know it 
bounded below' by his “security level" of $1.00. Agent I is in 
interesting position: he has a lower security level ($0.15 4 s , 

$0.90), but if he has seen this market operate lor sevei al Mat ki i , 
he may become quite confident of his ability to resell in pt-tiod (■ .i. 
$0 70. Iti this case his reservation price will be approxiinatelv $0.15 
(current dividend) + $0.70 (resale value in period C) = $1 15. so he 
is likely, at least in later Market Years, to outbid agent 9 and the other 
type III agents. Once again the price should be bid up to the highest 


Mote specifically, the second highest tcscivation prut* among the nine liadcts. 
which in the current instance happens to equal the hist and third highest since theie 
•tie thtce agents of type III. Sec Vickrey (ll)hl) for an explanation of the familial 
pi lung result that the winning hid is the second highest reservation puce Friedman 
(19H2) and Friedman and Ilumsou (11IH-I) foi mali/e the logic and Bavesian computa¬ 
tion of these icxei vation puces for models ot the pure formation pun ess m expentnen- 
Ul asset markets. - 
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reservation price among the agents ol type 1 if the others (agents 2 
and 3) also tome to realize (either independently or through noticing 
agent l's “windfall profits”) that certificates might be worth more than 
$1.00 to them in period B. Consequently, the period B price should 
settle somewhere between $1.00 (the highest security level) and $1.15 
(highest "rational” reservation price), with the price rising toward the 
higher value as agents accumulate experience over the years. All 
certificates should he held by type J traders purchasing at prices in 
excess of $ 1.00. 

Similar considerations apply to period A trading. The highest secu¬ 
rity level belongs to type I traders ($0.45 + $0.45 + $0.45 = $1.35), 
but if type II traders begin to anticipate the ability to resell in period B 
at a price approaching $1.15 their reservation price would be near 
$0.70 + $1.15 = $1.85. Over the Market Years, learning may allow 
the closing period A price to lise from $1.35 to nearly this value. 

Suppose now that the data in table 3 refer to an experiment in 
which futures trading is permitted, and consider the strategic pos¬ 
sibilities available to agent 1 in period B. He personally would be 
willing to bid at most $0.45 for futures contracts (i.e., period C deliv¬ 
ery of certificates), but for reasons discussed above it seems likely that 
agents of type III will bid up the price of this contract to $0.70. With a 
currently quoted futures price of $0.70, agent 1 now has a security 
level lor spot transactions of $1.15, not $0.00 as before: for each 
certificate he acquires he can still earn his current period dividend of 
$0.45 while "locking in" an additional $0.70 return by selling a fu¬ 
tures conn act. He need not guess, as was the case in the spot-only 
market, what its subsequent resale value might be. Hence a period B 
spot price of $1.15 and a futures price of $0.70 can arise from infor¬ 
mation directly available to the agents. Note that spot trading in pe¬ 
riod () should be redundant, given the operation of the futures mar¬ 
ket in prior periods. 

The strategic opportunities in period A are quite rich. The oppor¬ 
tunities discussed above still obtain, but the futures price provides 
additional information. If the futures price for period C delivery of 
certificates converges to $0.70 in period A, then agents of type II will 
have a security level of $1.70 ($0.70 current dividends + $0.30 period 
B dividends + $0.70 proceeds from the futures transaction). Hence 
we may expect that these agents (together with type I agents) will 
more quickly bid up spot prices when the futures market is active. 

So far we have only dealt with the market uncertainty design of 
Experiments 1 and 2. To see the effect of event uncertainty, suppose 
the parameters of table 2 apply to state X, and for simplicity assume 
that state Y dividends are each $0.10 higher than those for state X. 
Inasmuch as ail traders know whether state X or state Y obtains be- 
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fore period B opens, there are no new considerations introduced into 
the previous discussion of period C and period B trading. However, 
consider the period A problem facing our favorite agent, 9, in Experi¬ 
ment 3 (spot trading only). If he knew that state X would eventuate 
his security level would be $0.10 + $0.30 + $0.70 = $1.10, but it 
would he $0.20 + $0.40 + $0.80 = $1.40 in state Y. Given that his 
priors have been induced as 0.5/0.5 over the two states, we may sup¬ 
pose that his “effective” security level is $1.25 (or a little less with risk 
aversion). If trader 9 and his fellow traders initially consider only 
“buy and hold" strategies (i.e., they do not speculate oil being able to 
resell or repurchase at favorable prices in subsequent periods), the 
arguments advanced above lead us to predict a market price equal to 
the highest such “effective" security level, which still belongs to ty pe 1 
agents; that is, $1.35(0.5) + $1.65(0.5) = $1.50. On the other hand, 
once traders gain experience with trading opportunities in periods B 
and C in both states of nature, they may be willing to consider ex¬ 
pected trading opportunities in forming reservation prices, in which 
case period A prices will generally tend to rise in later Market Years. 
How far? ('.iven a maximum reservation price of $1.85 in state X (as 
argued above) and $2.15 in state Y, an upper bound of $2 00 = 
$1.85(0.5) + $2.15(0.5) is defined. 

Similar considerations apply when futures matkets exist, as m Ex- 
petintent 4. Given our hypothetical parameters, we would expett to 
see futures trading in peiiod A yield a price for period C tenduaies 
of at least $0.70 (the maximum secutity level in the least lavoi 
slate, X) and probably closer to $0.75 = $0.70(0.5) + $0.80(1! 
“effective” security level. Once the futures price has stabili/i 
prices in period A should reflect the higher secuiitv level ar. 
converge more rapidly to the upper bound of $2.00. It is inn • 
to observe that fairly complicated trading plans ate often requ 
support these higher period A spot prices. In the current hvp. 
ical example, type II traders who purchase spot certificates at a pi unit 
A price near $2.00 probably also hedge (sell iutuies) .it the same time 
and plan in period B to sell spot while offsetting their futures posi¬ 
tions. In the actual experiments, contingencies based on the state of 
nature are important, and efficient plans can become even more com¬ 
plex. 

We close this discussion with a few observations regarding insidei 
information. Once again, only period A trading is affected; to the 
extent that the insiders' information leaks out, the "event uncet tainiv" 
becomes irrelevant. Thus it is not clear a priori whether the state- 
specific or “effective" reservation prices are more appropriate, but we 
should often be able to determine from transactions data whether or 
not a leak occurred.^ 
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A very brief sketch of our iheoretiral model of experimental markets 
is required to define and justify our predicted market outcomes. A 
more complete account can be found in Appendix A. 

Agents, or traders, indexed i = 1,.... 9, are classified into types (I, 
11, or 111) according to (i) their endowments x,(0) of cash and period- 
dated assets, with periods indexed k = 1, 2, 3, and (ii) their prefer¬ 
ences, determined by specific dividends per certificate, d?(z), where z 
= X or Y denotes the state of nature. 9 We assume each agent i will try 
to transact so as to acquire final holdings x,(T) that maximize end-of- 
year wealth, 

W,(7\ z) = d,(z) ■ x,(T) = x,'(T) + ^ J*(z).vf(7’) = cash + dividends. 

*= i 

Of course, trading typically occurs under incomplete and possibly 
asymmetric information regarding the state of nature, z, and the trad¬ 
ing opportunities contingent on z. The strongest notion of informa¬ 
tional efficiency is based on the idea that the market has somehow 
disseminated perfect information regarding both. We refer to this 
case as perfect foresight (PF); the equilibrium is then the ordinary 
(complete markets, perfect information) competitive equilibrium in 
which all certificates are held by traders of the highest dividend type 
in each period and prices reflect these dividends. That is, given that 
the state of nature is (or will be revealed as) z, the PF prices are 

;c 

/)(A|PF, z)='y max c/f(z) in period A, 

k ~ i ' 

/;(B|1’F, z) = ^ max c/f(z) in period B, 

* - •_* i 

/>(C|PF, z) = max t/;*(z) in period C. 


The corresponding allocations x? are zero unless i belongs to the type 
for which c/f(z) is maximal, 10 k — 1 for period A, k = 2 for period B, 
and k — 3 for period C. For Experiments 1, 2, 5, and 6, this PF 
equilibrium corresponds directly to the popular notion of strong- 
form efficient prices. 

’* We make the convention that z = X with certainty in Experiments I and 2, and 
often we will drop (he index z when discussing these experiments. 

w Inasmuch as the distribution of certificates is indeterminate among those of the 
given (maximal) type, the equilibrium is not unique. Note, however, that equilibrium 
prices are unique because the induced prefeiences are additively separable—cf. Arrow 
and Hahn (1971, chap 9), 
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In Experiments 3 and 4 no information regarding the state of the 
world is available during period A trading. Hence the strongest avail¬ 
able concept of informational efficiency must be based only on the 
contingent trading opportunities together with the induced ptim¬ 
probabilities. We refer to this case as uninformed rational expectations 
(URE): if it is assumed that all agents are risk neutral, know all the 
contingent (PF) prices, and share the probabilities -rr (z) over states of 
the world z G / - {X, Y}, one tan show (see App. A) that the equilib¬ 
rium spot price in period A is 

p(A|URE) - max v(z)[d}(i) + p (B|FK, z)]. 

' afz 

l.ikewise, 


/>((:|URF.) = V it(z)/;(C:|PF, z) 

is the equilibrium futures price in period A under the same circum- 
stances. As usual, the corresponding period A allocations for spot 
ceitificates are zero for nonmaximal / and indeterminate among / in 
the maximal type. Futures allocations in period A aie completely 
indeterminate; indeed, under cm rent assumptions the period A fu¬ 
tures market is redundant, given the opportunity m peiiod B to read¬ 
just positions before period C dividends are distributed. 

It is interesting to note that in Experiments 5 and f> both l’RE and 
FK equilibria are relevant, with URE in this case corresponding to the 
notion of semistrong informational efficiency (prices reflex t all public . 
but not insider, information). 

In the numerical example of the previous subsection, PF oi ! 
prices were regarded as upper bounds that might be approach) 
traders acquired information of the second type. Since ttaders pew- 
no reliable inhumation of this sort at the beginning of each exp 
ment, it is useful to define another benchmark equilibrium cm 
spending to weaker concepts of inhumation elficiencs. We lefci n 
the case in which traders know the state of the wot Id and then own 
personal dividend profiles but not their trading oppmtunnies in sub¬ 
sequent periods as private information (PI). Theie is an incomplete- 
markets, incomplete-information competitive equilibrium (in which 
agents do not use equilibrium prices as a supplementars source of 
information) under these circumstances whose contingent prices are 11 


As usual, (he (oi responding allocations .no /cio e\< ept lor / oi thru pi* tot uhuli 
indicated maximum is achieved, this will often lx 1 taken for gianted m latet 
disc ussions, 
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/»(A|IM, z) — max X c/*(z), 

' A- I 
3 

*) = max X <<?(*>. 

' A - 2 

/)(C|1M, z) = max d;'(z). 

I 

Two j»ossil)le modifications to ihe l‘I prices for period A should he 
mentioned bnellv. first, it futmes markets operate, then markets are 
not quite so incomplete and a slightly stronger notion (still denoted 
PI) is npptopiiate: 

*> 

/>(A|I*I, z) = />(<'|PI, z) + max X ttfU). 

' * -1 

wheie y>((i|Pl, z) = max, <7, ! (z) is, ol course, also the equilibrium con¬ 
tingent futures price in period A. Note that the futures market is not 
ledimdant under PI assumptions. 

Second, if agents do not know z in period A but share firm priors 
rr(z) we may define the expected private information (HP1) equilib¬ 
rium price as 

c 

/><A|EPI) = max X X 

' *--|;S/ 

An inteipretalion of FPI based on “effective security levels" was of¬ 
fered in the previous subsection. 

For convenient reference we list and comjnite the applicable 
eijuilibria for each experiment in table .‘I. 

The relevance of all these* equilibrium concepts may not be im¬ 
mediately apparent to the reader. Our markets are not populated by 
large numbers of pi ice-taking agents, nor is Walrasian “recontraet- 
ing” allowed, so the conventional theoretical basis for competitive 
equilibrium is absent. Instead, our double-auction institution c rentes a 
very complex, continuous-time extensive-lot m game of incomplete 
information for our set of nine agents. Fiiedtnan (1982) shows how 
some apparently mild consistency assumptions tan lead to a tractable 
analysis of single-period games of this type, and in Appendix A we 
extend that analysis to 3-period asset markets. 1 he first main result is 
that PI final allocations and juices can be supported by a certain 
noncooperative equilibrium in strategies contingent on veiy limited 
information. After noting that agents have more public information 
in later Market Years since they have been able to observe market 
prices in all periods, we show that PF (or URF) equilibria can be* 
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supported as noncooperative equilibria in strategies based on infor¬ 
mation that is eventually made public by the double-auction process. 


C. Predictions from the Theory 

Convergence to stronger-form informational efficiency. —Our first print i- 
pal prediction is that prices and allocations in each experiment more 
nearly approach the stronger-lorm equilibrium values in later Market 
Years. The reason, of course, is that traders acquire better informa¬ 
tion as to (state-contingent) trading opportunities through their ac¬ 
tual trades, and this information becomes reflected in the prices. Al¬ 
though theorists may dif fer on the details of the piocess, its existence 
is generally uncontroversial, and virtually all experimental double¬ 
auction markets display a poweifill tendency to approach full effi¬ 
ciency under stationary repetition. 1 ' 

This first prediction does involve one controversial point in connec¬ 
tion with our Experiments 5 and (>. Is the semistrong form of infor¬ 
mational efficiency (IJRK) or the strong fot in (PE) the belter ptedic tor 
of behavior in later Market Years? Given that v\e have only one in¬ 
sider of each type competition may not force the inside information 
into the open; indeed, we know of no serious theoretical argument 
for PE efficienc y for this case. 1 * On the other hand, those economists 
with great faith in the “wisdom of the market" would probable predic i 
this strongest-lorm efficiency even without the theory. 

The informational role of futures markets. —Our second prediciit 
that the presence of a futures market speeds the approach to xti 
er-form equilibtium and reduces the volatility of transacted 
prices. The theoretical justification is clear: markets aie more m 
complete and more information is available when futures market - 
open. To drive this point home, consider the minimum time reqn 
for PE (or UKE) outcomes to emerge f rom an ideal learning pioc c - 
In the spot-only, no-event-uncertainty design of Expel inient I, i cid¬ 
ers should ideally observe /;((.'.|PK) = />(('.|P1) = max, </,' at the end of 
the first Market Year (see App. A). If they all jump to the conclusion 
that p(C|PE) will always obtain in period C of subsequent Maiket 
Years, believe that other traders have jumped to the same conclusion, 
and trade accordingly, then they will be correct. Furthei more, in this 
case the same sort of argument shows that period B prices will close at 

' Harrison, Smith, amt Williams piesenc expelnm nl.it evidence lui peiish- 

ahlcs that convergence to equilibrium ill double auctions is sluggish in die absence ot 
maiket slationarily and dial deviations tiom equilibrium aie otieu sustained and se 
'ere. Friedman and Mainson (lOH-1) piescnl eciclence for single-pei loci asset markets 
dial icinvergeuce to ccjuilihriiim is more tapid in die absence ot stalionai ilv 
Appendix A sketches ajj argument tor at lease ERF. etheienev. 
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/>(B|PF) in the following repetition (year 2). Similarly, dosing prices in 
period A of year 3 can reach />(A|PF) if agents count on trading at 
/?(B|PF) in the subsequent period. Hence the PF outcome is possible in 
year 4 for F.xperiment 1. 

The existent e of futures markets can shorten this learning process 
by a Year, since /i(B|PI) = />(B|PF) if futures are traded in period B. 
fn the case of event uncertainty one must observe p(C|PF, z) and 
/»(B|PF, z) for each z £ 'A before />(A|URE) can emerge, so the 
minimum learning time is 2 (#'/.) + 1 years if there is no futures 
maiket (F.xperiment 3) and #'/. + 1 if there is a futures market 
(Fxpeiiment 1). The presence of insiders would not lessen the 
theoretical minimum learning time, although it could lessen (or in¬ 
crease, since noninsiders may be more cautious) the actual learning 
time. 

As noted m our literature survey, the prediction that futures mar¬ 
kets are stabilizing and speed convergence to informationally efficient 
equilibria is not without controversy. The contrary argument by 
Svensson (1976) for destabilization employs the assumption that 
agents may unanimously hold incorrect point expectations regarding 
subsequent prices, and therefoie its relevance to our experimental 
markets is questionable. However, the popular version of the contrary 
view, that speculation in futures markets introduces “noise” into the 
price system, may base a c ounterpart in our experiments. Our ti aders 
face a more complex environment when futures trading is permitted: 
they must keep track of two prices instead of one in each trading 
period, the total trading time in each Market Year is less because 
there are two trading periods instead of three, and more complicated 
buying/seliing decisions may he required because there are four “mar¬ 
kets" (spot and futures in periods A and B) instead of three. Hence 
they aie more likely to suffer from “information overload” and con¬ 
fusion, and market efficiency could thereby be impaired (see Grerlier 
and Wilde 1982). 


IV. Experimental Results 

Our raw data provide an embarrassment of riches: for spot and 
(where applicable) futures, in each period of each Market Year in 
each experiment we have a long sequence of bid and ask prices, 
accepted or unaccepted, identified by trader. Each such sequence 
typically contains 10—50 entries. Such detail is critical when studying 
the real-time process of learning behavior and price formation as in 
Easley and Lcdyard (1983), Harrison, Smith, and Williams (1983). 
and Friedman and Harrison (1984), but it tends to obscure our pres¬ 
ent concerns, t herefore we reduce the data by stages. First, in the 
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next subsection we take a brief look at the time series of transacted 
(accepted) prices in each experiment. This overview provides a qual¬ 
itative assessment of our principal predictions and a sound basis for 
subsequent statistical analysis. A more detailed “market commentary" 
that ferrets out and attempts to explain all anomalies is provided in 
Appendix B. 

The statistical analysis in the final subsection is performed on a data 
set that further reduces each sequence to a single observation. We 
then have only about 90 observations (6 experiments x 5 years x 3 
markets), 1 ' 1 but our orthogonal experimental design allows consider¬ 
able mileage from this smaller data set. For instance, a given Experi- 
ment 3 observation can be used in an evaluation ot (a) the effect ot 
event uncertainty, in a comparison with F.xperiment 1; {b) the el feet 
of futures markets, in a comparison with Experiment 4; and (c) the 
ef fect of “insiders,” in a comparison with Experiment 5. Our statistical 
analysis will not be exhaustive, however; in the interest of brevity we 
will only present evidence bearing on our piincipal predictions. 

A. Oven'ieui 

Figures 1—6 chart the lime series of transacted prices in each market 
experiment. The relevant theoretical equilibria tor each period are 
indicated with dashed lines, and summary statistics of transacted 
prices are shown at the bottom. Where applicable an \ refers to spot 
prices and a 0 to futures prices. Table 4 ptesents the observed pet tod- 
end spot allocations, with the main theoretical predictions mdi< 
by asterisks. (Period C and futures allocations are listed in table \ 
App. G.) 

Turning first to figure 1, we see that in Experiment 1 (no c, 
uncertainty, no futures market), period A and B prices both n ; 
to rise from values near PI in the first Market Year to near PF s.i 
by the end of year 5. Period C prices seemed to settle near theii PI 
PI value by the end of year 2. Allocations also converged to the PF 
predictions at about the same rate, as indicated in table 4. One could 
hardly hope for a clearer qualitative confirmation of our first p red it - 
tion than this experiment provides. 

Figure 2 shows that futures transactions in Experiment 2 all oc¬ 
curred at prices at or slightly below the equilibrium level of $0.80. 
even in early Market Years. Period A and B prices and allocations are 
also very near PF values by year 3. L> 

11 In futures experiments there are four markets if one counts prnod A aiul period 
N trading sepaiately for peiiod C certificates. 

1 SeeFlhSfpp. 143, 152. 156, 160) for a disc ussion of two anomalies (one induced In 
die experimenters, the other by a “de\iant" subject) in M.ukel Yeai 5 of this < \pen- 
tnein. one can see that the eels are delectable but mil large 
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Frc 3 —Observed price behavior. Experiment 3 
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Fu. 5.—Observed price behavior. Experiment 5 
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Recall that two states of the world were possible in Experiment 3, 
but by choice of parameters period B and C equilibrium prices were 
independent of realized state, while period A dividends and most 
equilibrium allocations were state contingent. With this in mind, it is 
not surprising to see fairly rapid convergence of period C prices and 
rather steady year-to-year movement of period B prices from PI to PF 
values, despite the yearly change in the “state of nature.” Period A 
trading, thin and erratic with average prices near the EPI value in 
year 1, becomes fairly steady by years 4 and 5 with allocations pre¬ 
cisely at their URE values and prices a little ($0.05—$0.15) below the 
URE level. One could attribute the low prices to risk aversion, incom¬ 
plete learning, or both. 

Experiment 4 contains both expected and unexpected behavior. 
Futures prices behaved much as one might expect, rising Iron) their 
EPI value of $0.85 in period A of year 1 to their LJRE and PF value of 
$1.00 by period B of year 2. Futures positions on the whole followed 
suit. Spot prices, on the other hand, were quite sluggish: average 
period B prices rose each year but did not complete the transition 
from PI to PF levels, while period A prices only made about hall of 
the transition from EPI to URE levels. As a consequence of these low 
period A prices, it was profitable for type 111 traders to purchase spot 
even though they could not count on an X realization of “nature." 
Evidently, type I traders were slow to recognize significant expected 
profit opportunities arising front their period A spot purchases. 

A glance at figure 5 discloses that the presence of insiders is not ” 
only complication—parameters were chosen so that virtually all ■ 
librium prices and allocations were state contingent. Period (. p 
and allocations tracked the equilibrium rather well with a minoi 
reption in year 3, the first X year. There is a strong hysteresis etl< 
period B prices of the same year that dominates the otherwise c\.. 
rise from PI to PF levels."’ The same effect is present in pci Km. 
prices, which otherwise seem to move from EPI toward URE levels 
This last interpretation, suggesting that inside information was not 
leaked, is supported by the fact that in period A of the last two seats 
the majority of certificates were not held by type I agents, as predicted 
in either leakage equilibrium (PI or PF). 

A careful study of figure 6, on the other hand, leads to the strong 
suspicion that inside information leaked out to the public rather 
quickly in Experiment 6. Futures prices in period A consistently ap¬ 
proached the informed (PI = PF) equilibrium values of $0.45 in X 
years and $0.70 in Y years, providing a good signal to noninsiders. 

We refer here to the tendency ot the market to tespond shiggishlv to a change in 
the state of natute, so that previously established behavior ptevatls lot a while. See 
Harrison el al. (1983) for a discussion ol such phenomena. 
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Despite the fact that the state of nature changed three times in this 
experiment, there is much less hysteresis in period A and B spot 
prices than in Experiment 5, in which the state only changed once. In 
general the period A spot price and allocation trends seem much 
more consistent with PF than the alternative equilibria, evidence in 
support of strong-form informational efficiency. 

B. Statistical Analysis 

Convergence to stronger-form informational efficiency .—We now evalu¬ 
ate the prediction that our asset markets approach the stronger forms 
of informational efficiency by examining prices, allocations, and 
profits. The traditional approach in the experimental literature has 
been to use a /-test on the sequence of transacted prices in a given 
trading period to see if the mean “differs significantly” from the 
theoretical equilibrium price. Once one recognizes that the transacted 
prices are not at all analogous to i.i.d. samples from a lixed popula¬ 
tion, 1 ' the meaning of such tests becomes quite obscure. Fortunately, 
the very multiplicity of theoretical equilibria (for prices, allocations, 
and profits) provides an attractive alternative: we can see which equi¬ 
librium concept gives us the best forecast. We are interested in the 
improvement or deterioration of the forecast performance of each 
concept, its overall accuracy, and its terminal accuracy in the final year 
of trading. 

A 11 appropriate measure of price convergence is the root mean 
squared deviation (RMSD) of transacted from forecast (equilibrium) 
price. Our prediction then is that RMSDs will decline (i.e., forecasts 
improve) over Market Years in both periods A and B for stronger- 
form equilibrium prices (PF or LIRE) and that RMSDs will rise (i.e., 
forecasts deteriorate) for weaker-fbrtn equilibrium prices (PI or EPI). 
We also predict that the strong-form forecasts will be more accurate 
in the final year of trading and perhaps more accurate overall. 

The data in table 5 strongly support these predictions. In period A 
of Experiment 1, for instance, the PI forecast error increases mono- 
tonically from $0,085 in year 1 to $0,427 in year 5, while the PF 
forecast error declines monotonically from $0,501 to $0,082. Simi¬ 
larly, PF forecast errors for period B decline steadily from $0,170 to 
$0,005 while PI errors, after dropping from $0,062 in year 1 to 
$0,022 in year 2, increase steadily to $0,148 in year 5. The data for 
Experiment 2 tell a very similar story. Likewise, in Experiments 3 and 


1 ' Bear in mind that each ti ansae lion provides new public inhumation to the tradeis, 
so the hypothetic al “population of potential prices” changes continually within the Had¬ 
ing period. Harrison et al. (1983) and Friedman and Harrison (1984) expand on this 
theme, which is also noted by FPPa (p. 549) when introducing their statistical tests. 
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4 there is a striking improvement in the (strong-form) URE forecasts 
and a general deterioration in the (weak-form) F.P1 forecasts for pe¬ 
riod A over successive Market Years of either realized state of na¬ 
ture. 18 The same behavior is evident with respect to the PF and PI 
forecasts for period B. 

One can make similar observations with respect to Experiments 5 
and 6, and for relevant period C prices, but the proliferation of num¬ 
bers (e.g., four distinct forecasts for spot prices and three for futures 
prices in period A of Experiment 6) makes this sort of analysis in¬ 
creasingly awkward. For that reason we present statistics in table 6 
that summarize the performance of each forecast for a given experi¬ 
ment. Each entry in the first ten columns of table 6 is the posterior 
probability that a particular forecast is more likely to improve than to 
deteriorate from one Market Year (of a given state of nature) to the 
next. 1,1 Hence values above 0.5 for strong-form forecasts and below 
0.5 for weak-form forecasts are evidence in favor of our prediction. 

Table 6 confirms the conclusions drawn so far from table 5. For 
instance, the steady improvement noted in the PF forecasts for Exper¬ 
iment l yields posterior probabilities of .823 for both period A (col. 4) 
and period B (col. 6) and .895 for the pooled data (col. 10), while the 
corresponding entries for the PI forecasts (cols. 2. 5, and 8) yield 
probabilities for forecast improvement of only .177. .261. and .095, 
respectively. The results for Experiments 2—1 are generally similar, 
with pooled (period A + period B) probabilities of strong-form toie- 
cast improvement of .848, .848, and .895, respectively. 

Recall that there are four competing equilibrium forecasts i. 
periments 5 and 6. In Experiment 5 there is a general improve 
in the PI, URE, and PF forecasts for period A and no sign:! 
improvement in either of the forecasts (PI and PF) for period B 
pooled data for both periods therefore reflect the period A out< ■ 
which allows us to dismiss only the EPl forecast (probability = 2o i 
.5). It is interesting to note that in Experiment 6 the “leakage foie- 


ls Our commons licie and the si.iiisiu.il tests presented below generallv pool icsulis 
for each experiment over the two slates of n a line Looking sepaiatelv at llu* scipiem es 
of years for cadi slate would stiengthen out conclusions with icspect to out primal\ 
picdictions hut would reduce the sample size and lower the power ol out tests 

Each change in forecast petformaiue in successive niaiket voars of a given state of 
natuie in a given experiment is viewed as an outcome from a disc rete binomial disti ibu- 
"on, with a forecast improvement liemg viewed as a "success" and anv ttommpioxe- 
ment a “failure." The diffuse piior distiibution adopted for the pmhabihtv of a “sue 
<L'vs,” 0, was Bayes-Laplace uniform prior on the unit mieival. In table b we u pon 
'he posterior ptobability that 0 exceeds one-half. See /diner (1*171. pp 38-40: p 31b, 
11 37) for a complete discussion of these Bayesian procedures. A smulai mc-asvue of 
forecast improvement is implied by a test used by Plott and Sunder (108*/, p. b8.3), 
although their test was applied to individual price changes whereas on is is applied to 
changes in average forecast performance (RMSI)) ovei each year. 
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casts” PI and PF dominate the corresponding “no leakagefte'qjBBft**** 
EPI and URE, supporting the conclusion that leakage of inULile infor¬ 
mation occurred in Experiment fi. 'X-f 

The alternative forecasts do not differ for period C spot prtB g^foiW* 
for futures prices arising in period B trading. The futures (“penTTff® 
C”) prices arising in period A of Experiment 4 still follow the pre¬ 
dicted pattern: according to table 5 the EPI forecasts deteriorated and 
the URE forecasts improved in each case. In Experiment 6 we have 
three alternatives to consider (EPI, URE, and PF). A ranking of their 
forecast improvement provides additional support for our prediction, 
with the PF forecast improving more than the URE forecast, which in 
turn improved more than the EPI forecast. 20 

Despite their impressive showing with respect to forecast im¬ 
provement, the strong-form forecasts do not appear to dominate 
their weak-form counterparts with respect to overall afturacy. In col¬ 
umns 11-13 of table 6 we report the probability that the yearly 
RMSDs for the stronger-form forecast are on average lower than 
those for the corresponding weaker-form forecast. 21 These probabili¬ 
ties exceed .5, suggesting that the stronger-form forecast is more 
accurate overall for the pooled (period A + period B) sample in only 
three of the six experiments (2, 3, and b). 

This negative result is not surprising considering the relatively few 
repetitions of each state of nature in our experiments. (liven the 
absence of any generally accepted models of learning and price ad¬ 
justment, it has become common in the experimental literature t<> 
focus on comparative terminal accuracy. Of course, we have on 
observation for each state in each expei intent when we examm. 
five forecast errors by this criterion, so we cannot report ptoba. 
here. Instead we report the ratio of the weaker-form RMSI) , 
stronger-form RMSD in the last two columns of table 0 (top s, 
only). 22 An entry of at least 1.0 is favorable for our prediction rl 


'’"Table (i does not show ttie probabilities ol inipiosemem associated with these 
lemarlcs concerning hniues prices in penod A. In Expeiiinenl 1 dies weie ‘21 -t (FPll 
and .786 (URE), and in Expeiiinenl 6 they were 261 (FPI). S (URF). and 789 (PI ) 
Pooling the results lor these two experiments we obtain piohahilitics 118 (FPI), 708 
(L'RE), and 882 (URE in Expeiiinenl T and PE in Experiment a, die strong-foim 
equilibria) 

21 These probabilities are obtained fiom a (one-tail) nonpaiainetrir Mann-Whitnes 
lesi for the “slippage problem." See Itoel (1971, pp 810 -18) for a (omul discussion 
We stale the lest outcomes in terms of die piobabilus ol the hspothesis that slippage 
has occurred in favor ol ihe stronger-form equilibrium forecasts, the alternative 
hypothesis is that both samples arise fiom the same population. I he weaker-form 
(stronger-form) period A equilibria used for this test in Experiments 1-6 arc. respec¬ 
tively. PI (PF), PI (PF). EPI (URE), FPI (URE), EPI (PF), and EPI (PF) I he lelesam 
equilibria in period B are, ol course. PI and PF m each ex|>erimctii 
Tl The terminal X years and Y years for Experiments 8, -4,5. and 6 are separated In a 
slash m table 6. * 
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strong-foVm forecasts are superior; we observe such entries in every 
case for the experiments in which the terminal year is the fifth (1 and 
2) and in a majority of cases in which the terminal year is the second 
' or third repetition (Experiments 3-5, which have X and Y states of 
nature). 

We may summarize our findings on price convergence by examin¬ 
ing the statistics in table (i obtained by pooling data across all experi¬ 
ments (line 9, marked “all”). Our prediction that strong-form equi¬ 
libria dominate with respect to forecast improvement is strongly 
confirmed by the posterior probabilities for both period A and period 
B; the pooled probabilities (cols. 7-10) of 99.4 percent for PF and 
URE versus 1.7 percent and 14.7 percent for EPI and PI could hardly 
be more conclusive. The prediction that the strong-form equilibria 
provide more accurate forecasts overall, on the other hand, is defi¬ 
nitely not supported; this prediction has an overall probability of only 
37.1 percent (col. 13). Finally, the probabilities of 96.8 percent and 
93.8 percent (cols. 14 atid 15) lead us to accept the hypothesis that the 
strong-form equilibria provide superior price forecasts in the termi¬ 
nal year. 

We now turn to an analysis of allocations. For each trading period 
and relevant forecast we can obtain the number of certificates “misal- 
located" and process these numbers just as we did the corresponding 
price RMSDs. Table 4 may be used to infer these misallocations, 
which are listed in table A2 in Appendix C. Again we predict that the 
strong-form forecast misallocations will decline over Market Years 
and that those for the weak-torm forecasts will increase. We are also 
interested in the comparative accuracy of the alternative forecasts. 

Table fi presents the results of tests on our allocation predictions 
that are comparable to those just discussed for the price predictions. 
Pooling data over all experiments and both periods A and B, we 
attach 96.8 percent confidence to our prediction about strong-form 
forecast improvement (this refers to the PF forecast; the corre¬ 
sponding URE confidence level is 90.2 percent). Contrast this with the 
mere 5.7 percent confidence we can attach to EPI-forecast im¬ 
provement (and 5.7 percent confidence to Pi-forecast improvement). 
The only case in which the confidence of a weaker-form forecast 
improvement exceeds that attached to the stronger form is in period 
A of Experiment 5, but the confidence levels are generally low in this 
case for all of the forecasts. As for overall forecast accuracy, with the 
exception of Experiment 2 (in which the various allocation forecasts 
are observationally equivalent) and period B of Experiment 5, we find 
that the strong-form forecasts always dominate; the pooled probabil¬ 
ity of 99.7 percent in favor of this prediction is quite conclusive. We 
obtain equally strong results for terminal year accuracy, with pooled 
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probabilities of strong-form superiority of 99.0 percent and 99.8 per¬ 
cent for periods A and B, respectively. 

A final measure of convergence considered is the error in forecast¬ 
ing trading profits. Table 7 presents actual trading profits in each 
Market Year (defined as total payments to subjects less transactions 
commissions and dividends that would accrue if no trade took place) 
as a percentage deviation from theoretical trading profits arising in 
each equilibrium (again excluding implied commissions and profit 
from no trade). 23 The strong-form equilibria once more dominate. 
Average forecast error is only 10 percent for IT versus 259 percent 
for FI in Experiment 1 and 21 percent versus 15 percent in Experi¬ 
ment 2; it is 23 percent for URE. versus 112 percent for EP1 in Experi¬ 
ment 3, and 27 percent versus 4fi percent in Experiment 4. Similarly 
in Experiments 5 and 6 we find that, conditional on leakage occurring 
or not occurring, the stronger-form forecasts win (compare PE and PI 
for “leakage” and URE) and EP1 otherwise). Pooling over all experi¬ 
ments, we have computed the confidence of profit forecast im¬ 
provement as 19.3 percent for EPI, 10.(5 percent for PI, 32.8 percent 
for URE, and 67.2 percent for PF. The confidence in the hypothesis 
that the stronger-form forecasts are more accurate over all \eais ex¬ 
ceeds 99.9 percent. 

The informational role of futures markets .—We now evaluate our sec¬ 
ond major prediction, that futures markets stabilize spot prices and 
enhance efficiency. 21 

A direct measure of price volatility is the coefficient of van 
(CV) of transacted prices. 2 ' Fable 8 lists the probability of a low 
for spot prices and, separately, the probability of a greater ( - 


1 1 We measuie ihcoietic al profits l>v evaluating the p.ivouts in ti adei s it lilt \ 
theoretically predicted allocations and received the them elk alls pieduled do 
I Inis each of these profits is siniplv the piedicted period A ec|iiihhimin pines tin 
aggregate number of certificates (1R in our experiments) Hence vve ,uc ... 
measuring allocalttmal efficiency, with niisallocalioiis weighted attending to how itnu i, 
they reduce gams from trade 

21 Itariisou (1984) studies m detail the behavioi of the iluee expeiimeiits wiili fu¬ 
tures maikets. chawing five conclusions (i) the pirscnce of event nnccit.imlv tends to 
retard the efficiency of asset markets, as mc.lsu i eel by the extent to which pi lets and 
allocation reHect stronger-form equilibria, (it) the pi event e of conclusive inside inhu¬ 
mation encourages efficiency in an event uncert.iuiiv environment, (in) the picxc me of 
event unccilamty and inside information has loughlv offsetting effects on efhciencv. 
although the effect of event uncertainly dominates slightly. (tv) event unccttamtv is 
associated with a marked tendency to depait tiom loutine hedging IkIi.ivioi: and p) 
the presence of conclusive inside inhumation cm outages the adoption of loutine 
hedges, even when event uncettainty is a |oint lie.itmcut suitable 

‘ ’ The CV is just the t alio of the standard deviation to the mean I he objective of this 
transformation is to normalize the standard deviation in 01 der to col ieel lor p.uanicic i 
differences across experiments File CV measutes ate piesented in table VI in Ap|wn- 
dix C and were derived ft«m the data listed in ligs. I ti. 
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1 
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-24 

- 55 
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- 55 
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33 

71 

- 15 
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Y 
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46 
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X 

-29 

12 
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-50 

-22 

-67 

-54 
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45 

86 

-7 

All 


90 

29 

10 

- 19 
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Measure and 
Experimental Design 

Experiments 

Compared 

Period A 

Period B 

Period A 
and 

Period B 

CV: 

Market uncertainty 

1 and 2 

.5 

5 

002 

Event uncertainty 

3 and 4 

.845 

845 

947 

Insider uncertainty 

5 and 6 

274 

.200 

.047 

Pooled (overall) 

(1,8, 5) and (2, 4, (i) 

.(>53 

.702 

720 

Pooled (final years) 

(1.3, 5) and (2, 4, 6) 

.889 

421 

803 

CV improvement: 
Market uncertainty 

1 and 2 

5 

0 

333 

Event uncertainty 

3 and 1 

.867 

607 

757 

Insider unccitainty 

r > and d 

833 

007 

971 

Pooled 

(1, 3, 5) and (2. 4. d) 

845 

025 

.944 

No if. - Measures of eat h ( 

.V and ( V iinpioveinem ,ne listed in tallies AH and 

^1 trsprt fuels 

the- probabilities 


shown aic hast'd on a Manii-WInuicv lest 


provement in the experiments with a futures market than in those 
without one. 21 ’ With pooled data we accept the hypothesis of a lower 
CV with f utures markets at the 65.3 percent confidence let el in pe¬ 
riod A and a 70.2 percent confidence level in period B. If we pool the 
final year data across all experiments and periods, we obtain an 80.3 
percent confidence level for this hypothesis. Note, however, the sharp 
contrast in the results between the event uncertainty and insider un¬ 
certainty designs. Our results support with even mote confident ■ 
hypothesis that the presence of futures markets increases tb 
provement in CV (91.4 percent confidence overall). This resn 
tains for both event uncertainty and insider uncertainty design- 
Given the strength of our conclusion that the presence ol 1. 
markets reduces spot-price variability, we should clarity the 11 1, 
ship between our results and the results reported in FPP/r. It i.r, 
shown (see table A5 in App. C) that futures markets in the FP1V> studs 
led to a significantly lower CV in spot prices in the terminal trading 
period (79.4 percent confidence) and to increased CV improvement 
(72.2 percent confidence). O 11 the other hand, the evidence is (o\er- 
whelmingly) contrary to the hypothesis that FPPft futures markets 
1 educed the CV over all ttading periods (only 0.3 percent 
confidence). Note, however, that they employ the joint treatment \art- 


i " A (onc-lail) nonparaincu ic Mann-VVhiliiey lest is used, as in cols. 1115 ot table li 
I fie probability measures show the confidence attached to the hypothesis that the 
presence ot futures markets lowcis the CV of spot prices or inn cases the piopoiiicmal 
CV improvement. The latter probabilities are based on daia shown in table At of 
Appendix 
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able of “f utures markets and trader inexperience” 27 and do not isolate 
“futures markets” or “inexperience” as single treatments. The results 
of FHS, in which these two treatments were separately identified, 
suggest that each has qualitatively different effects on spot-price vari¬ 
ability (with a higher CV being associated with “inexperience” and a 
lower CV with “futures markets”; see table 7 of FHS). We therefore 
conclude that, allowing for the minor design differences that may 
affect CV in the transition to equilibrium, the FPPi> data also support 
onr result that spot prices are less volatile in the presence of futures 
markets. 

A summary measure of market trading efficiency is the profit 
earned relative to the stronger-form profit prediction (excluding, as 
before, commissions and no-trade profits). Fable 9 shows the con¬ 
fidence we attach to the hypotheses that efficiency is greater in the 
presence of futures markets and, separately, that the improvement in 
efficiency is also greater with futures markets. Efficiency appears to 
be enhanced with futures markets in the insider uncertainty design 
(72.6 percent confidence), while there is no detectable effect under 
event uncertainly and indeed a reduction in efficiency under market 
uncertainly (see FHS for a detailed analysis of the comparative behav¬ 
ior of Expei intents 1 and 2). The pooled results are similarly mixed, 
with the overall probability of 41.0 percent slightly unfavorable and 
the final-years probability of 65.5 percent slightly favorable to our 
prediction. The results are much more conclusive with respect to the 
effect of futures markets on the improvement in trading efficiency. 
Our prediction is accepted with 84.5 percent confidence overall and 
83.3 percent confidence in each of the event uncertainty and insider 
uncertainty designs. 

A more subtle effect of f utures markets appears in connection with 
the comparison of strong and semistrong forms of efficiency in Ex¬ 
periments 5 and 6. From table 6, one can see that the semistrong price 
forecast (URE) did less well in the presence of a futures market (Ex¬ 
periment 6) than in its absence (Experiment 5) with respect to forecast 
improvement, while the strong-form price forecast (PF) performed 
equally well in the two experiments with respect to improvement and 
notably better in Experiment 6 with respect to overall accuracy. Simi¬ 
lar comparisons for allocation forecasts also suggest that futures mar¬ 
kets enhance the performance of strong-form forecasts relative to 
that of semi-strong-form forecasts. 

A final piece of evidence is relevant in this connection. In table 10, 

11 t he experiments reported in KPl’A employed a strong intertemporal inseparability 
in preferences (i.e., the marginal value of a tettifiiate held in period B depended 
strongly on how many certificates had been held in period A. and vite versa). It is not 
clear to us whether this design feature has an important elfect on spot price variability. 
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TABLE 9 

Effect of Fijicires Markeis on Tradinc. Efficiency 


Measure and 

Experimental Design 

Experiments 

(compared 

Probability of 
Greater Efficiency 

Trading efficiency. 



Market uncertainty 

1 and 2 

048 

Event uncertainty 

3 and -1 

5 

Insider uncertainly 

5 and (i 

726 

Pooled (overall) 

(1,3, 5) and (2.-1. (i) 

.410 

Pooled (final years) 

(), H, 5) and (2, 4, fi) 

,6. r > 5 

Improvement in trading efficiency. 


Market uncertainty 

1 and 2 

.5 

Event uncertainty 

and 4 

833 

Insider uncertainty 

’> and fi 

833 

Pooled 

(1.5) and (2, 4. fi) 

845 


Noif — Mrasim-I of cffuirti<v and miprowMiirnt m Hmting rlfiiicno die hsircl in taliU-% 7 ami \(> 

k s|K'< lively, ihr mohafiililics shown aic Imm-H on •> M.inn VMuino nsi 


we compare (he average leading profits of insiders to noninsiders in 
Experiments 5 and <3. 28 One can see that the average insider did 
indeed earn higher profits than the average outsider in every Market 
Year. More interestingly, however, insiders did notably less well when 
a futures market was present: a Mann-Whitney test allows us to as¬ 
sociate 72.6 percent confidence with this claim. 


V. Conclusions 

Our experimental results support the following broad conclu 

1. Market outcomes evolve over time toward strong-foi m in' 
tionally efficient equilibria. T his finding is quite robust to tin 
ence or absence of futures markets and/or event uncertain^ 
evident in our analysis of prices, allocations, and profits. 

2. T he presence of futures markets tends to stabilize spot pru < 
measured by the coefficient of variation, transacted spot pines wen 
typically less volatile in experiments that employed futures maikets 
than in companion experiments with no futures markets. T he effect 

Profits weie not In.ili/ol as usual by dcduc ling sec uriiv (Iio-II,i(lri pioln .mil mum ■ 
ing transactions commissions For omsiitcis, security profits m pcnoil A aic iiicasuicil 
by taking the dividends prevailing ill tile woist possible slate ot natuic and imilnpb mg 
them by initial certificate endowments Security pioiits in penods B and .tie cal- 
lulated using the actual dividends, since the stale of" nature is levealed (this is the 
measure of security, or 110 -trade, profits employed in table 7) Securitv piohts for 
insiders could be measuied in exactly tile same niannei. and we show die results ol 
doing this in the first column. An alteinative measure (hat reflects ilicit inside knowl¬ 
edge evaluates endownt^is in period A (and B and ('.) using actual dividends. 
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TABLE 10 

Insider Promts as a Raiio oe Averaoe Oui.sider Prouis 
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tv 
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1 23 

1.32 
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3 it; 

4.03 

4 


X 

1.37 

1.47 

5 


Y 

2 80 

3 54 

- - 

... 

- - - - 

- -- 

--- 


was particularly strong in the event uncertainty design and was 
significant overall. 

3. The presence of futures markets lends to speed the evolution of 
markets to more informationally efficient equilibria, at least in the 
presence of event uncertainty. The greater complexity and shorter 
trading time confronting our traders in experiments with futures 
maikets seemed to impair maiket efficiency at first, but efficiencies in 
the terminal year were comparable to those in the coiresponding 
experiments with no futures markets. 

4. Futures markets promote the “leakage” of insider inhumation. 
When a futures market was present we found that insiders earned 
significantly lower profits and that “leakage” equilibrium prices were 
better forecasts of actual transacted prices. In particular, strong-form 
informationally efficient forecasts clearly outperformed semi-strong- 
form forecasts only when a futures market operated. 

These conclusions must, of course, be confirmed by other experi¬ 
menters before they can be regarded as fully established. Moreover, 
several of our specific conclusions rest on a small sample (several 
Market Years or one experiment, depending on one’s definition of 
the “sample”). In some ways our experimental design is the most 
complex so far employed, and it is comforting that our first conclu¬ 
sion corresponds so well to the findings of most other experimenters. 
On the other hand, we have noted that our second and third conclu¬ 
sions differ in some respects from the findings of FPP6 and others, 
while our last conclusion seems entirely new. New experiments are 
t ailed for, and it seems particularly important to find designs that 
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minimize the possibility of trader confusion and information over¬ 
load. Computer-mediated markets should be very helpful in this 
respect. 

Appendix A 

A Theoretical Model 

In this Appendix we provide an infoimal game-theoretic justification lor the 
various equilibria computed in Section IlITi of the text. We briefly summarize 
the relevant aspects of the theoretical model in Friedman (1982) and sketch 
the extension to multipeiiod asset markets and event uncertainty. 

Agents, often referred to as traders, are indexed by subscripts i = 1.9. 

They deal in assets indexed by superselipis k = 0, 1,2, 3. Asset 0 is called rash 
or money and is divisible. I he other assets represent dated certihc ate holdings, 
or claims on dividends—that is, asset 1 is a claim on penod A dividends, 
acquired by holding a certificate at the end oi the period A lounel of trading; 
similaily for assets 2 and 3, with respect to period B and (' dividends. Note 
that assets 1—3 are not divisible—they can only be held in nonnegative inte¬ 
gral quantities. The market exists over some finite time intenal (0, /'] repre¬ 
senting a Market Year. 

We chaiactenze each agent i by Ins 

a) endowment or initial holdings, a nonnegative vector x,(0) - *"(()), x,'(()), r;(0), 
x?(0), the last three components of which are intcginl; 
h) prefeietues represented by a smooth and monotone utility lunclion T,[.v,(7 ), 
z], defined over terminal holdings \,(T) — .v'/(7), .... \(T) and the state 
of the world z. & /; and 

c) information, consisting of an initial piivate information set 7,(0) togethei 
with public information available at time t, I(t). 

We partition the Market Year [0, / ] into subintervals (0, 7\], ( / \ 

'/'(,] called trading periods, where 0 < T,\ < Tn == 7'<, = i, and spec ilv i■ 
bundles y 1 of assets 1-3 that can be exchanged for money in eacl 
period. For instance, in the spot-only tnaikets, we have 7' B < /, m 
riods); the only bundle traded in the first period is a package ) ' of mi. 
of assets 1,2, and 3; in the second period it is a similar package ol i 1, 

2 and 3, and in the third it is simply asset 3, v* = v . In the futuics 
experiments, /' H = 7c. = 7 (two periods), and single units ol asset 3 can 
traded in both periods in addition to the packages mentioned previouslv 
1 he form of trading is double audion: at each time I £ [0, T], each agent i 
may announce an ask pi ice //,(/), or bid pi ice pf(l). lepresenting the amount 
of money he is prepaied to accept, or give up, m exchange for a unit ol a 
package of y 1 that can be exchanged at time t. If another agent j chooses to 
accept i’s oiler (or bid) at time v 5= t, then holdings of i and ; c lunge accord¬ 
ingly: A x,(s) = — Ax,(c), where Ax“(c) = p"'(t), and Av?(s) — - 1 for k in the 
package / in the case of an offer, and = ~pi''(l) and Axf(c) = I in the case 

of a bid. For all other times \\ assets k', and agents i\ Ax* (s') = 0. Once made, 
an agent’s offer (or bid) may be accepted by any other agent and must be 
honored until it is superseded by a new offer (new bid) by the same agent or a 
lower offer (higher bid) by another agent, or the trading period ends. I he 
last accepted price at or before lime t is denoted //(f). We refer to the lowest 
offer (highest bid) as the maikel olfer (bid). 

Our basic behavioral assumption is that agents attempt at each tune t to 
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maximize expected utility /'„ ( \ [x,( / jwhere A,; is the conditional expectation 
operator employing probabilities (regarding states of the world and trading 
oppoi tunities) based on is current information set l,(t) — 1,(0) U /(/). The 
public information set lit) consists of all market bids and offers and all accep¬ 
tances made at times > < t. Various assumptions regarding the private infor¬ 
mation sets /,(()) will be given later. 

A sliategy .S’, for agent / is a decision rule that assigns to each possible 
information set /,(/) and each tiadable bundle / bid and offer prices pf(t) 
and p'fit) and acceptance prices d'/ft) and v'(\t). We make the convention that 
t announces his bid (offer) at time t only if it betters the current market bid 
(offer) or if he currently already holds the market bid (offer). As for the i/’s, 
we assume that t will accept any other agent’s bid if and only if it equals or 
exceeds i tf(t) and anv offer if and only if it is no smaller than v'ffl), with p'!'(t) 2* 
v",'(t) =* v';\t) @ p'fd). (Friedman [ 1982] shows that these assumptions regarding 
acceptance [trices involve very little loss of generality.) 

Finally, a strategy .V, is admissible if it ensures that the nonnegativity con¬ 
st! aints x,(t) > 0 will always be satisfied. The following restrictions suffice to 
ensure admissibility: if xf(l) — 0 for some asset k in the package /, then v"\t) = 

B, where B is a veiy large number (say, the total endowment of money), and if 
x\\t) = 0, then t'?'(/) - 0, for all l. 

Befote discussing and computing equilibria of our model, we note some 
special features of our experimental parametenzations that will simplify the 
analysis First, for each agent i and each state of the world z, the marginal 
rates of substitution of assets 1-3 for money are constant and equal to the 
cortesponchng “dividend yields." Hence, each agent’s utility depends on 
terminal asset holdings x,(T) only through its cash equivalent u',(T. z) = d,(z) • 
x,Cn = 1*1 V7) + c/,'(z)x, l (7) + <{j(z)xi(T) + (f)(z)x}(T), where it,(z) is i’s per 
certificate dividend at the end of the Ath Hading round in state z for k — 1,2, 

3. Thus we may abuse notation slightly and write U,[x,(T), z] = (/, [tv,(T, z)]- 
that is, we regard i’s preferences as debned over terminal wealth and can 
employ standard concepts of risk aversion, etc. 

The second special feature is that none of our agents has unique endow¬ 
ment and dividend parameters—each has two “clones.” This will reduce the 
possibility of monopolistic behavior, as we shall see. Of course, even our 
clones may differ in ways other than the experimentally induced parameters 
such as in risk aversion or learning speed. 

A final feature of our experiments is that agents are all endowed with 
sufficient cash that the nonnegativity constraint on x, may safely be ignored. 


Equilibria a) the Model 

Several different notions of equilibrium are relevant to our model. First, 
there is Walrasian equilibrium: abstracting from strategic considerations, 
real-time trading, incomplete markets, and incomplete information, we may 
compute prices p*(z) and final asset allocations x*(z) that would arise if the 
state of the world weie known to be z and agents maximized utility (subject to 
indivisibility and nonnegativity constraints) on budget sets defined relative to 
market-c learing prices. Similar computations, performed near the end of this 
subsection, can also yield Walrasian prices p*(II) and allocations x*(fl) that 
would result from an expected utility maximization if all agents are risk 
neutral and share common probabilistic beliefs If over states of the world. For 
reasons that will be apparent by the end of this subsection, we refer to [p*(z), 
x*(z)J as a perfect-foresight (PF) equilibrium and [/?*(H), x*(ll)] as an unin¬ 
formed rational expectations (URK) equilibrium. 
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Double-auction markets such as ours, however, inevitably involve strategic 
considerations. Each agent must pick a real-time bid, olfer, and acceptance 
strategy S, and should realize that the outcome of following .S', depends on 
others strategies Sj. Hence in general an optimal strategy tor agent / is an 
admissible strategy that maximizes expected utility of final asset holdings, 
relative to possibly incomplete information regarding others' snategies and 
states of the world. We shall impose the consistency condition that, by the end 
of each trading period, traders’ ac tions (choice of p's and v\) are in (ex ante) 
Nash equilibrium. That is, each trader's final action is an “expected best 
response” against other traders' final actions, given nondogmatic (but not 
necessarily mutually consistent) beliefs about others’ intentions to accept at I 
- T\ (respectively, Ta, /<). The idea is that traders do not jam the market by- 
all waiting until period end to seize the market bid or ask 01 to accept market 
prices; see Friedman (1982, 1984) for further discussion and (Hover (1988) 
for some theoretical justification of this no-congestion assumption. A selec¬ 
tion of optimal strategies consistent with no congestion is referred to as a 
temporary noncooperative equilibrium (TNE). It is intuitively c lear. however, 
that the hypothesis of T NF. places very few restrictions on the course of trade 
in our model and therefore is not very useful unless we make quite specific 
assumptions regarding agents' information. 

Two polar sets of assumptions seem particularly interesting. In the Inst, we 
assume that agents initially know only their own paiameteis, base quite dif¬ 
fuse prims regarding others' snategies, and are quite usk aveise, so they 
follow maximin strategies. We tefer to this as the pii\ate inhumation (FI) 
case. 

Froposi t ion 1; Ill the case of no event uncertainty and spot markets only 
(Experiment I), the private information assumptions impiv that the dosing 
market bid and ask prices for certificates are/t(A| FI) = max, if . i ilf in period 
A, p( B | PI) " max, £* i iff in pet tod B, and p(C | FI) - max, c/,' m period ( 

A formal proof can lie obtained from minor adaptations of proposition I ! 
in Friedman (1982), so we will just sketch the aigument here. Fot / >- 
agent i increases Ins wealth i <',(() if he sells a cct lifts ate at a )>t ice exec. 

"security level'' v*\ ~ 1't - 1 z/f or buys at a puce below t>*\ I he FI .ism 
imply that agents will not hold out for better puces in later |r-iio<|s 
double-auction trading rules require that an agent accept the mat) 

(bid) or else belter the market bid (oiler) il be wishes to Inis (sell 
(dropping the index / since only the bundle / ~ A can be sold) we h . 

A as /—» T\ lor all i."‘ so the closing market bid is max, v\ /■ i \ i 
Likewise, /•>"((), t v*a if >',(() > 0 (i.e., if/'can still sell) as t —► / v but / um 
sell all bis certificates so y,(7 ’ A ) = 0 il v*\ is not maximal Hence the mat kei bid 
coincides with the market ask. 1 lie argument for penocl B is ex.ictls stmtl.it. 
with i/fii = iff + df as the eventual reset salion pi it es. I he period C at giimciil 
is a direct consequence of Fiiedman (1982, proposition f I) lot the special 
rase of no liquidity constraints and "clones"; the FI assumptions are not 
required here. 

Corollary: Under the assumptions of proposition I. the t losing nllnraln no 
satisfy y,(T„) = 0 il v*, < /c(u|PI), a - A, B, 

Proposition 1 suggests the prices and allocations that would atise in the hi st 
Market Year if all traders are cautious but sophisticated; this is the situation 
that the PI assumptions are intended to capture. Note that ttansactecl prices 


At least for all t whojpavc sufficient cash, but we have assumed that c'ciwnic does. 
I he assertion also depends heavily on die "c lone'' assumption lierause otheiwise an 
agent can bold the market bid below e lA 
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Mow />(■ | PI) early in the trailing round are ronsistent with the PI assump¬ 
tions but higher transacted prices are not: buyers who pay higher prices have 
better information than assumed, are willing to gamble, or have made a 
mistake. 

I he existence ol a futures matket piovides additional information to tiad- 
et s, so proposition I must be modified for this case. As was argued informally 
in Section 1IIA of the paper, itadcrsian “lock in" a resale price for period C, 
and by the last part of proposition 1 above, this price should converge to 
p( C | PI) = max, c/,'. Hence for Experiments 2 and 4, p(A | PI) = p(C | PI) + 
max, (cf, 1 + df) while p( B | PI) = p(C. | 1M) + max, d;. and the PI allocations are 
modihed a< cordingly. 

Given the lack of infoi illation under PI regarding resale possibilities in 
subseijuent trading rounds, it seems reasonable to assert that i<f( I) —* u*\ = 
E/, | <l\ as I —* l\ for oui spot-only expel inients wnh no event uncertainly. 
However, maximal strategics under event uncertainly would yield v','(/) —* 
iiiiiLt/ \~'U i c/(U)}, which seems altogether too cautious given t's well-defined 
pnors ovei states of the world ; in out Experiments 3-6. Hence, in analyzing 
Expel inients 3 and I, we examine expected private information (EPI) sliate- 
gies, in which traders share linn priors II over states of the world and under¬ 
take only trades that raise current expected wealth. One can think of such 
traders as extremely risk averse with respect to Knightian tmeettaiiKy and 
usk neultal with respect to Knightian nsk Perhaps a better interpretation is 
that, under event uncertainly, t'tv(ll) - 1/, i E. e / ri(z)c/I(z) is lhe appiopnate 
notion of t's "seunity level" in period A trading. In any case, we obtain by 
arguments analogous to those of proposition 1 that p (A | EPI) s max, t'f\(ll) is 
the closing market bid and ask pi ice m period A. and x,(T\) - 0 if i*T\(l I) < 
p(A j EPI), loi the spot-matket-only Expeiimenl 3. For Experiment 4, the 
existence of a futures market raises the EPI price to p( A | EPI) = p(C | EPI) + 
max, E/_, | l ; e./ II(z)d{(z), where p( C | EPI) * max, II(z)z/;\z) is the closing 
price of futures contracts in period A. EPI allocations of tertilicates and 
futures contrac is satisfy the usual condition. For period B and (’. trading (both 
spot and (unites), there is no event uncertainly in our experiments because 
the state of die world z is revealed ai I = J\. Theiefore, the previously 
computed PI prices and allocations apply to those periods with the conven¬ 
tion that d 1 , = c/(z). Such prices are denoted p(- | PI, z). 

Finally, for Experiments f> and 6 where the slate of the world z is known at I 
= 0 by some traders, we note that />(A|EPI) are the relevant benchmark 
prices at I - 7\ if insiders are able to keep their infoiniation from leaking out 
(since insiders do not have clones), while p( A | PI, z) apply if the infoi niation 
does leak. 

Let us now turn to the polar case in which strategies aie based on excellent 
pnor information; in fact, we will assume that agents know everything that is 
relevant. We define a t alumni nuru imperative equilibrium (RNE) as a TNE strat¬ 
egy selection .S' — (,S’|, .... .S'.,), which is stable in the sense that t cannot 
expect to gain bv departing I tom .S', if he expects others to follow S r and he 
cannot actually gain by depaiting from .S', if others in lact follow .S' ; Formally, 
S is an RNE if, for all i, E',o( / ,[« , ,(7) | S\.S,'] is maximized at S, - .S', and 
(/, [tc>,(7') | .S', 1 ] is maximized at S' = .S’, if S t is employed lor all; t. 1 " 

Proposiiion 2: In the case of no event uncertainly and spot markets only 
(Experiment I), there is an RNE strategy selection .S' such that all transactions 

10 SVV,' means (.V t , .. , ,S, I , \ , V, . . ..V,,). Maximization is ovei i s set of admissible 

strategies 
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take place at perfect-foresighl (i.e., Walrasian) puces p(' | PF), that is, 

s .\ 

p(t) = p (A | PF) a ^ max rff ^ ^ p*\ lot / G (0. 7\|. 

* - I ' k = I 

p(t) = />(B | PF) s ^ max cTf = ^ /i*\ for / 6 (7\, 7 b], 

*»u ' *-a 

p(t) = p( C | PF) = max d' - p*\ for I G (/ », T, ]. 

Again, this proposition may he pi overt lot malty by minor adaptations of a 
proof in Friedman (1982, proposition 4.2), so we just sketch the argument 
here. First, one verifies that p* - (/>*', p* 1 , p*') are the unique Walrasian 
prices for p* k = max, c/f, k - 1,2, 3, and that the corresponding allocations ol 
assets satisfy xf* = 0 if d k < p* k —this verification is quite straight forward 
given that liquidity consliamts are not binding. 1 hen one notes that if each 
agent follows the strategy of buying (selling) ceilificatcs only at pi ices at in 
below (above) their remaining value relative to p*. but always bins (sells) at 
such prices if it increases his wealth, * 1 then the pci fe< t-lotesiglu pi ,ce svstem 
will prevail as asset ted in the proposition Fmallv, one verifies loutinelv that 
suc h a strategy selection is an RNF. 

Corollary : I nder the RNF. strategy of proposition 2, the allotaiions 
satisfy y,(T\) = 0 if c/, 1 < p*\ y ,(T n ) = 0 if 'iff < p*', and y,(7< ) = 0 it d' < p*\ 
that is, certificates are all held at the end of ear h trading period by agents with 
maximal dividends for that period. 

Note that p{- 1 PF) 2* p(- | PI) and is usually sti icllv greater. Fot instance, for 
the parameteis of' table 2, />(• | PF) •- (I 8:">, 1.15. 0.7(1) and p(- \ PI) = (1 35, 
1.00,0.70). 

Analogous prices and allot at ions can be dci ived lor on i othei expel nuc ills 
The existence of futures markets is ittelevant d agents aie lulls m 1 •• 
already, so the same PF prices and allocations apply to Fxpeinii, 
Experiments 3 and 3 we use the notion of uninformed rational 
(URK): all agents are risk neutral and know the probabilities 1 
possible stales of the world and the RNF. prices p(C. | PF. z) ■= mas 
p( B | PF’, z) = max, dj(z) + p(C| PF. :) that will obtain m subseque ■ 
once the state ; is revealed. I lien we can replace /;(A | PF) In /a \ 
max, n<z)fc/, (z) + p(B \ PF, z)] as the lull-information bene hin.u 
experiments, because under these c nett instances agents will be willing u ■ 
up to their expected dividend m period A plus expected icsulc culm ,. 
period B. For Experiment 4 (he relevant period A futures puce is p {C | CRF i 
~ ll(z)p(C | I’F, z), while the period B ftttuies price iexerts to piC | PF. :) 
Finally, for Experiments 5 and t>, we note that the I RF prices (and tone 
sponding allocations) apply if info! mat ion does not leak from inside i s. but 
PF prices apply if there aie leaks. 

The efficient PF (or L : RF.) outcomes should Ik 1 thought of as a using .if let 
traders have learned eveiy tiling relevant, alter many Market Yc.u s. I o pistil\ 
this interpretation, we must argue that tradets can in fact learn what (hex 
need to know. In markets inn by a Walrasian auctioneer, this max not be 
possible. But in repetitively stationary double-auction markets, agents ,uquiie 

Sl If lie has any certificates to sell. 

'' Again, the fact lliatfi single clone of each type has inside inlomialion is ciiuial 
here. 
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considerable information during the trading process; Friedman and Harri¬ 
son (1984) show how a simple Bayesian learning scheme suffices for the 
market to converge to a Walrasian equilibrium outcome. 


Appendix B 

Market Commentary 

This commentary is designed to complement the descriptive account of our 
experimental lesults provided in figures 1—6 (price behavior) and table 4 
(allocation behavior). 

It is convenient to refer to periods A, B, and C by the notation PA, PB, and 
PC, respectively. Similarly, we refer to years 1,2, 3, 4, and 5 as Y1, Y2, Y3, Y4, 
and Y5. respectively. All other abbreviations are as defined previously (e.g., 
PI, PF, EPI, URE). Copiesol the raw experimental data on individual uatisac- 
lions are available on request from the second author. 

Experiment 1 
Period C 

Closing puces m Y2 indicate to the traders that someone is prepared to pay 
neat Iv $0.70 for a cei tilicate in PC. This signal is confirmed in Y3, Y4, and Y5 
with increasing precision 

Allocations converged to the equilibrium prediction quickly, with 14/18 
(read as "14 certificates out of 18 predicted to be held by the correct trader 
tyjie"), 18/18, 16/18, 18/18, and 18/18 being held in each successive year. Note 
lint the PF and PI predictions (for prices and allocations) are identical in PC. 

Period B 

With the closing prices in PC of Y2 near to their equilibrium value, PB prices 
in Y3 begin to move above their PI equilibrium value. The $0.05 increase in 
aveiage PC. pi ices from Y2 to Y3 (with a slight fall in variance also) provides 
the basis for PB prices in Y4 to converge dramatically to their PF equilibrium 
value. In Y5 we observe complete convergence in PB puces, following the 
near-complete convergence of PC prices in Y4. These results support the 
"swingback hypothesis" advanced by Grossman (1978) and studied experi¬ 
mentally by FPPtf and FHS. 

Allocations converge steadily to the PF prediction 3/18, 5/18, 16/18, 18/18, 
and 18/18 in Y1-Y5, respectively. The alternative PI prediction accounts for 
14/15, 11/13, and 0/2 of the misallocation in Yl, Y2, and Y3. 

Period A 

Prices in PA begin in Yl around the PI prediction but with a rather large 
dispersion. Note that PA pi ices in Y2 and Y3 are significantly above the PI 
prediction, despite the fact that previously observed PC prices had not con¬ 
verged to their PI equilibrium value. 1 his is explained quite simply: given 
that the traders were expecting the market to be stationary from year to year, 
trader tyjies I and II had seen PC prices in Yl and Y2 that were well above 
their own private valuations ($0.45 and $0.10 per certificate, respectively). 
Without knowing at this stage how much higher PC prices might go, they 
could nonetheless embody these observed PC market valuations in their res- 
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ervations prices in PA and PB. Thus we observe that the “swingback" lioin 
PC prices to PA valuations is not postponed until PC puces have stabilized; 
rather, it occurs concurrently. 

Allocations are exactly as predicted by the PF concept (font V'2 on, with the 
entire misallocation of four units in YI consistent with the PI predic lion. Note 
that the allocational convergence in PA was more rapid than in PB. 

A more detailed account ol the behavior of this market is presented in KHS 
(reported there as Expel intent 8). 

Experiment 2 
Period C (Futures) 

In Y1 futures prices are already above the private PC valuations ol ttader 
types 1 and 11 ($0.10 and $0.-15, respectively). Bv the end of PB in Y2 they are 
near to their equilibrium value, and from PB in YS on they pioude a persis¬ 
tently clear signal. 

Although trades in futures generally follow spot Hading in eat h petiod in 
Y$ and Y-1, there were numerous unaccepted bids and offets on futuies at 
the time that spot contracts wete being made. 1 hese bids and olfets often 
contain useful information, despite not resulting in Hades. 

It is useful to examine the eventual PC holdings of spot certificates (these 
are just the delivered luluies contracts pending at the end ol PB). In Y I, Y2, 
and Y8 there were no misallocations in these holdings. In Y I and Y5 some 15/ 
18 and 15/18 were correctly allocated relative to both PI and PF concepts, 
which had identical predictions in this case Fhe misallotalion in Y4 is dis¬ 
cussed later. 

Period B (Spot) 

Despite the futures prices observed in PA and during PB. in Y! we set 
PB spot prices are just below their PI equilibrium value Significant lc 
apparently occurs in Y2, and PB prices aie at then PI- equihbiturn vale 
and Y4. 

In Y5 of this cxpetinienl we landomlv leassigncd agents to chile ici 
tlend profiles without altering the aggtegate niaiket paiameteis I I" 
liete is the ability of agents to distinguish matket signals (tom then t 
signal (namely, their own dividend profile)—the essence of our com; 
equilibrium notions. Despite a "technical teat turn" of soils, espee tails tu 
PA spot market, the results essentially repeat the behavior m Yl 1 he lad 
that we observe convergence to the PF equilibnuui puce in 5 4 indeed tells us 
that agents had made the distinction In-tween these two signals when loi nimg 
their trading strategies; our results in Y5 confirm this conclusion 

i he allot ations of PB spot certificates in each year weie 18/18, 18 / 18 , 18 / 18 , 
11/18, and lb/18 relative to the PF prediction. All but one of the misalloc.i- 
tions in Yl are explained by the alternative PI prediction. 

The misallocation in Y-1 is attributable entirely to one ty pe 1 agent (agent a). 
Her spot holdings at the end of l’A in Y4 weie seven ccttifu ales, and she had 
mechanically hedged by selling seven futures: impeccable PF behavtoi so iat. 
(In Y8 her only PA transaction was the purchase ol one spot certificate, and 
she had sold all three spot certificates in PB as implied bv PE behavioi.) From 
the sequence of unaccepted bids and offers it appears that she was deter¬ 
mined to buy in her futurgii position in PB before selling olf her spot hold- 
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mgs; recall that we did not allow net short positions at any stage of trading 
during any period and that she had fully hedged in PA. There was a marked 
jrattet n in die sequence of Hading in this experiment once prices were near to 
their PK values. The period would open with one or two erianl (spot and 
futures) price signals away from the established equilibrium value, these bids 
or offers would go unaccepted (and were sometimes gieeted with outward 
signs of amusement hv other tradeis), and trading in spot and then futures 
would settle down at the previously established pi ices. Virtually all traders 
chose lo establish their spot position and then enter the futures market (this is 
definitely not the observed pattern in earlier Market Years in which the 
liansition Irom PI to Pf prices is incomplete: in these years there is a healthy 
mixture of com m lent spot and futures Hading). Given this observed jialtei n 
in Y f, agent 5 was “locked in" to her spot position by an inability lo buy in her 
futmes position until die latter part of the period. She was able to buy live 
I'm in es during PB but was not able to sell any spot. However, she made no 
sei ions effort to extriiate hei self from hei self-imposed t orner by of lei ing to 
buv futures lor mote than $0 HI) and then offering to sell spot for less than 
SI 2.5 (the established 1*1*' prices) 

Period A (Spot) 

Given the futures pi ices available, PA spot pi ices as eaily as Y1 are well above 
(hen PI equilibt iiiin value Gonvetgeme to the PF value is nearly complete hv 
the dose of Y3 Hading and is complete by Yl. [ he “technical reaction" in YT>, 
mentioned above, involved one tiader aggiessively bidding (or spot ceilifi- 
(ales m PA al $2.05, some $0 05 higher than market signals would justify 
(given lisk neutialitv). Assessing her situation at the close of PA Hading, the 
mai ket "allowed” her to lighten hei spot holdings m PB at a discount (namely, 
some $0.05 below the PF juice in PB) 1 his is the same agent (agent 5), 
incidentally, who tried to “stonewall" the market in PB in Y4 

Allocations in c.uh year were 13/18, 13/18, 13/18, 18/18, and 1 1/18 lel.ttive 
lo the PF pi edict ion. I he alternative PI piediction accounts foi 1/5, 5/5, 5/5. 
0/0, and f/4 of the implied deviations in each vear. 

A moie detailed account of the behavior of thismaikcl is pi evented in F1IS 
(lepoited there as Experiment 4). 


Expeiiment 3 

F.xjiei iment 3 was the first of oui event unt eitaiutv mat kels I he ec|uilibnuiu 
jirices in PB and P< I were independent of the state of nature, but PA maximal 
dividends vveie contingent 1 he P('. allocation predic tions weie contingent, as 
were the PB piedictions foi the PI equilibiiuni concept. 

Pei tod C 

I’ricesconveiged to neai the e<|iuhbinun value by ihe end ol Yl, and from Y3 
on theie was a deal and strong signal as to likely PC. market valuations 
Allocations in eac h vearweic If/18, 18/18, 18/18, 18/18, and 11/18 relative m 
the ecjuilibimm prediction for (he televant state of nature. 1 he inisallocation 
in Y5 of seven certificates apjieats to lie due to one agent's being caught m a 
“music al t hail s" situation midway thlough a bloc k-clmrning trading procc ss 

Penod B 

Ret all that there weie fail to excellent P( i price signals I tom the close of Yl m 
Y5. Apart from the very firsi transaction, viilually all PB |>ric es were between 
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the PI and PF predictions. In Y2 the Pft prices were much closer to the PI 
value than in Y1 or Y3; this is consistent with Y2 being the lit st e hange in the 
state of nature. In PC of Y2, however, tradeis were able to leatn that PC 
prices appeared to be independent of the state, a useful piece of information 
when forming their PB reservation price trading strategies. 

In Y3, the second X year, obseivcd PB prices were much closer to the PF 
prediction, indicating that the market had learned horn the first two years. 
Prices were very close to the PF prediction in Y5, the third X year For the X 
years, Yl, Y3, and Y5 allocations were 17/18, 14/18, and 18/18, tespectivelv, 
relative to the PF prediction. I he implied mixalloi ations in Yl and Y3 are 
consistent with the alternative PI prediction. 

There was dramatic intrapenod market learning in Y4, the second Y teal 
i/ation. For the Y yeats Y2 and Y l. allocations were 5/18 and 15/18, respec¬ 
tively, relative to the PF prediction In Y4 the deviation was due to one type 
111 agent who was tardy in divesting hnnsell of seven units held at the end of 
PA; the market was firm at $0.(19, so he could have sold easilv at a lew cents 
lower. 

Period A 

I here were good PB signals onlv prior to PA in Y.5. After the first tiatle in 
Yl, all PA prices were well above the EPI equilibrium value, despite the pool 
PB signals. There is a steady improvement toward the I’RE piechc lion in the 
X years (V'l, Y3, and Y5) and 5' years (Y2 and Y4) We discuss these cKn.unir 
paths in Sec tion IV/f 

In the three X yeats, allocations were 5/18, 10/18, and 18/18 lelative to the 
ERE prediction; in the two Y years they weie I f/18 and I 1/18 All nt the 
implied misailocalions are consistent with the alternative EPI prediction 

Expet intent 4 

I he parameters of Experiment I were qualitatively similar to those ol I 
ment 3 with respect to the contingency of equilibrium piechcttcms l ■ 
rium prices in PB and PC. were independent ol the state ol naluic 
equilibrium prices weie contingent 1 he futuiex lertilu ate allot at ion 1 
lions were contingent dining PB trading, and PB spot allocation pud 
were also contingent for the 1M equilibrium concept. I he random re.tli' 
ol the slate of uatuie provided a change o! stale in the Inst two Seats, s., 
was also the c ase in Expel linenl 3. 

Period C. (Entities) 

With unceitainty about the line state ol nature in PA, Indues puces in Yl 
were at (he EPI prediction. In Y2 several bids were unaccepted .it that value 
and finally weie several trades closer to the ERE prediction. Bv Y3. in P\ 
Indites prices weie at the ERE value. I here were no Indues tiades m P \ ol 
Y5, but there was no informational requiiement for anv tiades (i e., the 
nonaiceptame of seveial bids just below the equilibrium value was a sullii lent 
signal that the PC market valuation had not changed). Alter the fit si tluee 
trades in PB in Yl, virtually all PB futures juices in each vear weie at the 
jnedicted equilibrium level. 

■S|)ot allocations resulting m PC from PB futures jiositions were 15/18, I 1/ 
18, and 17/18 for the three X years (Yl. Y4, and Y5) relative to the equilib- 
duin prediction and 18/^8 for each of the two Y tears (Y2 and Y3). I he 
nnsallocation in Y4 is discussed later. 
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Period B (Spoil 

There was a steady bm slow movement of PB spot prices from the PI to the 
PE equilibrium prediction. This sluggish convergence occurred despite cleat 
ful tit es prices m PB as early as VI and the absence of any event uncertainty in 
PB 

Allocations showed a slow improvement to the PF prediction; they weic 13/ 
18, 11/18, and 17/18 in the X years and 12/18 and 16/18 for the Y years. 
Virtually all of the misallocaiions in the V years are explained by the alteina¬ 
tive PI prediction. The severe misallocation in Y4 was due to one type I agent 
who failed to unload seven certificates, losing $0.60 on each one he failed to 
sell given prevailing pi ices. 

Period A (Spot) 

Puces were below the FPI value in VI, at the EPf value in Y2, and very slowly 
moving to the URE value in later years. The PC futures price signal was quite 
piecise from Y3 on, although the PB spot signals were not as clear. 

There were severe misallocaiions relative to the IRK predii tioo, which was 
only correc t in 6/18, 11/18, 9/18, 10/18, and 8/18 in each successive year The 
alternative F.PI predict toil accounts lor 5/12 and 5/7 of the misallocaiions in 
VI and Y2, respectively, but for none of the misallocaiions in the last three 
years. An explanation of these deviations as the result of event uncertainty is 
possible. 

One implication of tlie presence of event uncertainty is the need to lorni 
some estimate ol PC and PB puces foi each state before lot tiling reservation 
juices for PA trading. In the absence ol event uncertainty such estimates 
could be possible as early as Y2 (even with a PC futures market in VI, traders 
need to see PB spot prices for PA valuation purposes). In the presence of 
event uncertainty sue h estimates are only possible alter traders have obsetved 
an Xoiul a V year, which could have been much later in the expel intent il at 
all (in fact, it had octHired betoie Y3 in F.xpeiinvents 3, 1, and 6). The 
necessarily greater amount of initial learning required to form LIRE resetva- 
tion pi ices in PA (at least two Market Years, compared to one Market Year) in 
the ptesence of event uncertainly opened up numetous profitable disequilib- 
liutn (lading strategies for certain traders that would he nonprofitable at 
equilibrium pric es. An excellent example of the availability of such disequilib¬ 
rium strategies is provided in this experiment and accounts lor the severe 
rnisallocations, relative to our equilibrium predictions, dial weie noted ear¬ 
lier. 

File main culprit ill the rnisallocations in Y3, Y4, anil Y5 was a particular 
type III agent who went cm a buying spree lor PA spot (contrary to EPI arid 
LIRE predictions). In Y1 and Y2 PB spot prices averaged $ 1.618 and $1.661), 
lespectively; even d a trader had not reah/.ed that PB maiket valuations were 
slate independent, the expected PB pi ice in Y3 would have been 0 5($ 1.618) 

+ 0.5($ 1.660) — $1,639. Civcn this estimate for PB prices and assuming risk 
neutrality on our type III agent’s behalf, his reservation price in PA would 
have been composed of 0.5($0.5) + 0.5($0.3) = $0.40 expected PA dividend 
plus a sale to market in PB for $ 1.639, giving a total reservation price in PA ol 
$2,039. In fact he purchased at aiound $1.97, sorrowfully learned that this 
was a Y year, and collected his dividend of $0.30; he was then greeted with a 
PB spot market prepared to pay $1,706 instead of the $1,639 he had bar¬ 
gained (or! Thus, despite Y3 being a "bad year" for him, this trader was able 
to survive with a few cents profit. 
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rhe «me strategy m Y4 and Y5 with some adjustment upward h.s PB 
estimate and hence Ins nsk-neuiral PA reset vatu,n price, earned hm, hand¬ 
some profits (given that they were “good years” for turn m te.ms ot PA 
dividends). Note that he was able to pit,(it from such a Hading stiatczv onlv 
because PA spot prices were so "low." Thus the m.sall,nations m question 
were not at all due to this type III agent’s irrationality or myopia, but ,o 
market inefficiency in PA pricing. It was, in effect, the tvpe I agents that were 
to "blame, for not buying actively enough in PA (a simple explanation for 
their inactivity could, of tourse, be a severe aversion to risk; thus we qualify 
the word "blame”). 


Experiment 5 

Experiment 5 introduces msidcis into an event uncertainty environment. 
Parameters were chosen such that PA, PB, and PC equilibiium pikes were 
contingent (in Experiments 3 and 4, PB and PC price predictions wete not 
contingent, although the allocation predictions wcie). 

Period C 

In Y1 and Y2, both Y years, prices were precisely at the equilibrium value. In 
the first X year, Y3, there were some problems; two trades SO. 10 above the 
(new) equilibrium value, and the remainder $0.05 below the equilibrium 
value. For the final two yeais prices were close to the equilibrium value. I he 
allocations were generally consistent w ith the equilibrium pi edit lions (or eac h 
state of nature, with 18/18, lfi/18, 17/18, I <i/18, and 16/18 correctly predicted. 

Period B 

By the end of PB in Y1 there was convergence to the PI ec|iiihbiittm predic¬ 
tion. In Y2 prices opened at the PI value and slowlv increased to mtclwas 
between the PI and PF predicted values. 

Y3 is the first X year, after two Y veais, and PB pines were well allow cl 
PF equilibrium given an X realization but Mou> ihe PB prices in 'l l ,u 
I his behavior suggests a “hysteresis effet t" and the absence of am leal- 
insider information. PB certificate pi ices in Y4 displayed a tendency sun 
those in Y3, although they tapiclly declined to below the relevant PF i 
rmm value. In Y5 prices opened at the PI equilibiium value lor an \ 
which was even lower than closing prices m Y4. Note that the PC spot , 
signal was quite prec ise in Y4 and vet was not embodied m PB valuations in 
Y5. 

Allocations in PB conveiged towaid the PF predictions in the two X tears 
(1/18 and 18/18) and the three Y years (6/18, 14/18, and 16/18). Yu malls all 
of the implied misallocalions are explained bv the alternative PI prediction, 
espec ially in Y1. 

Period A 

Prices in Y1 started below the F.PI value and then clustered atouncl it In \ 2 
they opened at the F.PI value and then moved toward the ERE value. Puces 
in Y3 opened at the (new) PF equilibrium value for that vear and quickls 
climbed to the URE value, flits apparent "reverse learning" is consistent with 
opening prices’ being due to hysteresis after the PA prices of Y2 (averaging 
$1.42, and with a PF value in Y2 of $1.45), especially with the observed 
convergence to the URE value. In Y4, prices wete around the ERF. value, 
consistent with the absent of leakage of insider information. I he bubble of 
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insider secrecy obviously burst in Y5: prices opened at the PI value for an X 
year and quickly settled midway between the PI and PF equilibria, both of 
which were considerably below (he URF value. 

Experiment 6 

t he parameter values of Experiment (i were qualitatively similar to those of 
Experiment 5 in terms of the contingency of theoretical predictions. 

Period C (Futures) 

Trading in PA of Yl was at the FPI value. Surprisingly, however, it was the 
type III insider who bought in PA; his type is predicted to buy by the FPI 
rationale, but the insider knew that this was an X year. Perhaps realizing his 
error, he sold lutuies aggressively early in PB at low prices. The lutuies price 
eventually converged to the equiiibiiuin value in PB. 

A change in state occurred in Yii. In PA lutuies prices opened at the URF 
value, with the URF-predicted type III buying (only 2/6 to the insider) and 
type 11 selling (S/6 Irom the insider). Futures prices then converged to the 
equilibrium PF and PI value for a Y year, with traders possibly receiving a 
signal as to the true state of nature from PA spot prices (discussed ftirlhet 
below). Type III bought (6/12 by the insider), as predicted by the PF and PI 
equilibria. Another Y realization occurred in Y3, and PA futures prices 
opened at the URF. value. 1 he type III outsider was buying from a type 11 
insider at these prices. Consistent with leakage of insider information with 
these trades, futures prices in PA lapidly conveiged on their PF and PI 
equilibrium value for a Y year. 

A fascinating thing happened in Y1; futures prices were at their PF and PI 
equilibrium value and a panic ular type I outsider began to mimic the trading 
strategy of the type I insider. The insider sold two futures in PA, and the 
outsider sold three; the insider sold six futuies in PB, and his “shadow" sold 
five. This mimicrv is also evident in the spot transactions ol these two traders 
(discussed below). 

In Y5 there was a leturn to state of nature Y. Following some intrapeiiod 
leakage of insider information in PA spot trading there was heavy lutuies 
trading at the PF and PI equilibrium pi ices Futures prices in PB remained at 
(his equilibrium. 

Period B (Spot) 

Prices opened at a low level in Yl, genet ally at the PI value. All of the buyeis 
were insiders and all of the' sellers were outsiders. In PB spot prices wete 
midway between the PI and PF equilibria; recall that initial PB futures price 
signals understated the line maikci value ol a certificate in PC.. 

In YU an excellent futures price signal was available but there was only one 
spot trade in PB. This is easily explained; type II is predicted by PF equilib¬ 
rium to hold spot certificates in PA and PB and, by the end of PA in YT 
indeed held all 18 spot cettificates (note that type II is also predicted to hold 
spot certificates in PA by the FPI equiiibiiuin concept). Thus there was simply 
no need for any spot trade in PB. T he same result is observed in Y5, anothet 
Y year. 

Y4 is an X year, with excellent futures price signals. Recall that a certain 
outsider had identified the insider of “his" type; this accounts for their paral¬ 
lel spot purchases in PB. Despite this partial leakage of insider information to 
one outsider, PB spot prices were kept quite low at their PI equilibrium value 
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Spot allocations in the Y years Yl, Y3, and Y5 were consistent with the PF 
prediction: 17/18, 18/18, and 18/18, respectively. The spot allocations in the X 
years Yl and Y4 are severely misallocated relative to the PK prediction, with a 
mere 3/18 and 1/18 being correctly predicted. Moreover, only 8/15 and 1/17 
of these deviations are explained by the alternative PI prediction. The expla¬ 
nation is the low PH spot prices (relative to the PF value) and the ability (o lock 
in profits with f utures trades. Given the prevailing low PB spot pi ices and the 
existence of a liquid futures contract, the erstwhile type I “culprits” did not 
lose on their spot purchases. This explanation accounts for 7/15 and l(i/l 7 of 
the PF deviations in Yl and Y4. Given that type III agents were not buying in 
PB, there was no opportunity cost to the type 1 agents putsuing their strategy. 
Note also that there was only a $0.05 difference in the PB dividends (per 
certificate) of types III and 1. 

Period A (.Spot) 

In Yl spot prices for PA certificates opened lielow the PI value, moved 
quickly to the F.PI value, and settled around the PF value. The type I insidet 
was an early bidder and bought one unit at $1.10 and then another unit at 
$1.20; he thereby leaked this higher valuation to the market. The selling 
insiders generally held off until ptices were above SI.25, reinfotcing the 
leakage effect by refusing to supply at “low" pi it es. Note also the tendenev for 
spot prices to reach the PF value despite liaders' not having seen any PB spot 
valuations. This may have been because two tiadeis were able to sell PC 
futures at the “ovei valued" PC price (two of the loin ft mires ceitificates were 
purchased by the type I insider), which piovided some justification for "high" 
PA prices. 

In Y2 there was a change in the state of nature. Spot prices opened below 
the L’KE value, passed through that value, and tonveiged to the PI equilib¬ 
rium. The final spot allocations hide heavy earlv buying by (uonl’F- 
piedicled) insiders at low prices for resale at higher prices later in the pi ' 

Spot piices in Y3, another Y year, opened where thev bad closed 
(namely, at the PI value), lhetc was then a sustained met ease to 1 1 
equilibrium value, accompanied by a parallel increase in futuies pn<<* 
their URK value to their PF equilibiium. The tvpe II insider was an 
buyer at (he lower prices. 

Prices in Y4, the second X year, opened below the PI equilibiium Im 
year and settled just above that value. Despite good futures puce signal* 
type I insider and his outsider "shadow" were able to buy spot without .11 is 
apparent leakage. 

In Y5 spot prices picked up where they had closed in Y3, the most ic'cent Y 
year. After opening midway between the PI and PF equilibiia lor a 5' tear 
they increased steadily towaid the PF equilibrium. I he type II insider bought 
six of the first seven spot certificates traded, clearly rev ealing his inside illicit - 
inalion. The first live spot sales were by outsiders; again, the selling insideis 
held off before trading their endowments, in the know ledge that spot pi ices 
should be higher than the price that was offered initially. 

Spot allocations in the X years Yl and Y4 improve from (i/18 to 13/18 
telative to the PF prediction, with the competing F.PI prediction explaining 7 i 
12 and 3/5 of the PF misallocalions. Allocations in the Y years, Y2. Y3, and 
Y5, are consistent with the PF prediction: 10/18, 18/18, and 18/18, respec¬ 
tively, are coirectly piedicted. 
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TABLE A6 

Improvlmvni in Trading Effh ienly 


4°7 


Experiment Stale Measure 


1 . . 35 

3 X 9 

Y -4 

5 X 28 

Y - 10 

2 5 

4 X -23 

Y -4 

0 X -15 

Y - 39 


Noif —Improvement mtMMircd .IN the change in the |MT»ent (Minngci-form) foiciaM error ^K'lHirn ilit iiuii.tl 
and terminal year, a positive value milu ales an im tease m lino a\t t rrots (i e , lorn asi ilem tot anon) ami a m ^am e 
value a de< reave in fomast emirs (i e . forecast improvement), sec table 7 foi on^mal data 
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This paper investigates the use o(' futures prices in making produi - 
lion decisions. We derive a pieference-independent production rule 
for firms tfiat face both demand and pioduction uncertamiv 1 his 
rule is compared to a simple "marginal c ost equals futuie price" i tile, 
which previously has been suggested lor firms with deterministic 
output. Data for agricultural ptoduceis ate used to examine (he 
impoi lance of output uneertaintv in the determination ol the propel 
production rule Our analysis suggesis that lor mans clops the sim¬ 
ple lule is sufficiently accuiate to he a uselul guide to pioduction 


I. Introduction 

I he potential use of futures markets m a linn's production dec i - 
a subject of current interest. Several authors have made the into, 
plausible argument that tut tires prices provide information th.. 
be used to guide production, storage, and processing decisions .mi. 
e g , Black 1976), and this argument has been formalized in a cat le ts 
of models. Some of these models suggest that production decisions 
tan be based solely on futures prices, regardless ol subjective beliefs 
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about the probability distribution of future spot prices and regardless 
of attitudes toward risk. In particular, several papers have shown that 
when production is nonstochastic, the optimal production rule is to 
set marginal cost equal to the discounted futures price. In these mod¬ 
els, expectations about future spot prices affect only the firm's hedge 
position in futures contracts. This result appears, for instance, in 
Danthine (1978), Holthausen (1979), Anderson and Danthine (1980, 
1981), and Feeler, Just, and Schmitz (1980). 

However, for many firjri^^ixiehiction uncertainty is a significant 
concern. When output is stoehastjkwhe appealing generalization of 
the textbook rule for profit maxfm&zation—price equals marginal 
cost—breaks down. Anderson and Dtinthine (1980) derive the op¬ 
timal production rule for risk-averse firms with mean-variance utility 
functions and find that it involves tfrf producer’s risk aversion as well 
as the expected future sppt price and the expected marginal product. 
Thus, effective separation of ownership and control is difficult be¬ 
cause the optimal rule is a function of individual preferences and 
beliefs. Similar preference-dependent results have been derived in 
the classic papers of Sandmo (1971) and (.eland (1972), who studied 
the production decisions of firms facing uncertain demand in the 
absence of futures markets. As far as we know, no production rules 
for the stochastic output problem independent of individual prefer¬ 
ences have appeared in the literature. 

In this paper, we derive a preference-independent production 
rule . 1 We focus on the problem of agricultural producers for whom 
pioduction uncertainty seems especially important and for whom ac¬ 
tive futures markets already exist. However, our production rule in 
principle is applicable to other firms in competitive industries that 
face production uncertainly. 

We have found that the continuous-time framework used in the 
options-pricing literature greatly simplifies the analysis of optimal 
production decisions. The simplification arises because the value of a 
farmer's crop, once planted, and the futures price for that commodity 
are af fected by the same stochastic state variables, such as weather or 
demand fluctuation. In general, the particular functional forms of the 
relationships will be quite different. However, if each of the state 
variables follows a Wiener diffusion process, then we show that by 
mixing appropriate numbers of futures contracts with its production 
position in the crop, an agricultural firm can render its total return 
free of all systematic risk, with only risk unique to that firm remain- 


1 Our rule is independent <>( preteiences in that the pioduction decision docs not 
depend on the managers' or owners' attitudes toward risk. It will, however, depend on 
the consumers’ preferences through the demand functions. 
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ing. 2 Because the unique risk is diversifiable, it follows that the value- 
maximizing production rule for any publicly held firm is independent 
of attitudes toward risk and therefore allows for separation of own¬ 
ership and management.' 

In Section II we present the model and derive closed-form solu¬ 
tions for optimal production rules when there is both price and quan¬ 
tity uncertainty. Given the simplicity of the rule that "marginal cost 
equals the discounted f utures price,” it is of some interest to compare 
that rule with the more general one derived in this paper. We provide 
analytic comparisons of the two rules in Section II. In Section III we 
use data for agricultural producers to measure the importance of 
output uncertainty in the determination of the proper production 
rule. We find that for most crops that are not subject to agricultural 
price supports, the simple rule that marginal cost equals futures price 
is sufficiently accurate to be a useful guide to production. However, 
this is not the case for all crops, especially those subject to price sup¬ 
ports. Section IV is the conclusion. 


II. Production under Demand and Output 
Uncertainty 

A. Market Setting 

This section consideis the production decision of an agi ii ultuial pto- 
ducer. Firms (farmers) are assumed to be perfectly competitive pn<< 
takers. Further, there is assumed to lx- a well-developed lutn 
ket and riskless borrowing and lending at the constant 1 . 
production setting is taken to be point input-point output 
is planted at time zero and harvested and sold at time / N 
production decisions are allowed. However, we allow cape 
to be open at all times so that portfolios can be contii" 
balanced. The crop is assumed to be a normal good in that 
demanded rises with increases in wealth or income and dec lines wi,< 
the market price, P, rises. We assume a constant elasticitv functional 
form. The dependence of demand on wealth or income occms 

‘ Hie capital asset pricing model (UAI’M) provides a I1.1d100n.il 1a11011.de lot moot¬ 
ing divei sifiable 1 isk I fowever, the it 1 devalue of duel sihablc 1 isk is .1 moie I iind.iim 11 
tal property. Ross ( 1975 ) provides a lurid disc ussion ot tins point It is slumn helms that 
d demand is also uncertain then another asset is needed to tonstuict the hedged 
portfolio 

’ Privately held funis in whic h owners have invested large Irat nous of their peison.il 
wealth (and hence are not well diveisifiecf) will not be inchtfcicm (0 iinit|tie nsk. How¬ 
ever, output in the U S economy is dominated by public Iv held In 111s whose <>wneiscan 
easily diversify away unique lisk, and even 111 the agricultural set lor an mi l easing share 
<d output is accounted for by corporate farms. 
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through a shift parameter, S, which can be thought of as measured by 
a stock market index.' 1 Market demand for the good, (P 1 , at the time of 
the harvest, T, is then given by 

( y‘(P, s, T) = kS(TfP(T) \ 3 > 0, e > 0, (1) 

where P(T) and S(T) are random variables as of time t < T, that is, 
prior to the harvest, and p and e are the wealth and price elasticities of 
demand. The supply of the good available at T, Q'(T), will equal the 
initial stock of the good, Q' (0), plus output over the period. For sim¬ 
plicity, we assume that the initial stock is zero. 5 Finally, we let Q(t) 
denote the time t expectation of Q(T). Units of output are chosen 
such (hat the scaling parameter, k, can be set equal to one. 

In die absence of price supports, the market would clear at price 

P(T) = S(T)^i)(T) v \ (2) 

which would provide total revenue to all farmers of 
V[S{T),P(T)] = P(T)Cl(T) = S(Tf'Q(T)' (,,t ' = S(TfP(T)' *. 

(3) 

Indexing producers by j, we assume that the share of any producer in 
total output is given by 0,(7’), which is a random variable lor times I < 
T. This implies that the time T revenue to each farmer equals 

V,[% S( l), /’('/')| = e,(7-).S , (7-)‘ , F(7')' ■*, (1) 

where I 0,(7 ) s* 0. and X, 0,(7') = 1. 

I he condition that the market shares sum to one places some re¬ 
strictions on the covariance structure ol the 0,. In the agricultural 
context, for example, one would expect the changes in market shares 
for two contiguous farms to be highly correlated, while the correla¬ 
tion of either’s market share with a farm in another weather system 
would likely be negative. However, these restrictions will not be im¬ 
portant in a perfectly competitive industry with many producers 

<e,m « 1) 

Tlie perfect competition assumption places further restrictions on 
0,. These are that changes in 0,, which affect only the distiibulion ol 
output among firms, are uncorrelated with economy-wide variables 
such as aggregate demand and supply. In paiticular. we assume 0, is 
uncorrelated with spot and futures market prices or with any system¬ 
atic factors affecting aggregate demand, such as S. This last assump- 


1 1 he analysis can also be extended to allow lor other svsn main elicits on demand, 
besides that coming horn S 

' I he analysis could be easily extended to iiroi poraic nonzero inventories. I lowevei, 
incorporating inventories into the analysis adds no further insights to the problem at 
hand, and therefore we ignore them. 
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tion is reasonable only under perfect competition, where producers 
would not perceive a correlation between their market share and 
aggregate output. Such a correlation would be perceived by a large 
producer for whom a positive shock to production simultaneously 
raises the expected values of both 0, and aggregate supply, Q. 

We assume that the goal of the producer is to maximize the value of 
the firm. The value-maximization strategy is justified in Merton 
(1982) under the assumption that no individual producer has any 
effect on the ex ante distribution of returns available to investors (i.e., 
the efficient frontier is independent of production derisions). The 
restriction that the 0, are uncorrelated with all economy-wide vari¬ 
ables is sufficient to satisfy this condition. 

The farmer’s (firm’s) decision rule is then conceptually simple: In¬ 
crease the size of the crop as long as the increment to ex ante value 
exceeds the marginal cost of planting. While the value of the crop and 
hence the level of planting will depend on expectations about S(T) 
and P(T), we assume that once the crop is planted the farmer has little 
control over final output. Yield is primarily determined by exogenous 
factors, such as weather, and is not affected by supply responses to 
changes in the market or futures pi ices. 

The perfect competition assumption implies that each fanner ads 
as if his decisions affected neither aggregate output nor the aggregate 
value of the crop. More formally, let Y = the current value of the 
claim to the stochastic revenue from the aggregate crop (measured in 
dollars), 0,(/,) = the fraction of the crop at time T produced 1 
farmer j, where T has been dropped as an argument lot 1 
simplicity, and /, = the value of the factor inputs of faru 
sured in dollars). Under perfect competition, each pn>«' 
ceives that’’ 


00 , 

0 /, 


= »;</,) > o. 


0 -’ 0 / 

luf 


< o. 


0 V’ 

00 , 


- 0 . 


It follows that the value ot any individual farmet's ciop at nine / 
given by Y,(T) = 0,(/,)Y(7), and that each producer solves the follow¬ 
ing problem at time 0: 


max V,(0) - /,. (:">) 

i, 

hi a perfectly competitive industry where each producer perceives his 
market share to increase with his input level conditional on the input 
levels of the other producers, value maximization implies that the 
farmer should increase the size of the crop as long as the ini rement to 


1 he Hist two assumptions gu.il anlce that the pi intuition rule is well itefincil. 
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value, 0) (/j) V, exceeds the marginal cost of planting. Once a technique 
for valuing the crop is given, this is a general production rule. We 
show below in Section IIC that when output is nonstochastic this rule 
reduces to setting marginal cost equal to price. 

li. Valuation of the Crop 

The current value of the crop can be derived using the techniques of 
contingent claims analysis developed in Black and Scholes (1973), 
Met ton (1973, 1977), Constantinides (1978), and Fischer (1978). By 
combining a claim on the revenues from the crop, futures contracts 
on the commodity, equity holdings of the stock index, S, and riskless 
borrowing or lending, the farmer can eliminate systematic risk. 7 8 The 
equilibrium expected rate of return on this hedged portfolio must be 
the riskless rale, r, because the portfolio is subject only to diversifiable 
risk. We show below that this equilibrium condition can be used to 
specify a partial differential equation that can be solved for the value 
ol the crop. 

flic* f utures price is the price at which one can contract today to buy 
or sell a commodity at some fixed future date. Futures contracts are 
marked to market and new equilibiium futures prices are established 
daily. Assume that the dynamics of the futures price, F, s and the stock 


7 I his is ,i dim l consequence ol modeling mucilainty by (lit fusion pint esses whose 
continuous sample paths enable fanners lo eliminate systematic risk by continuously 
rebalancing iheir portfolios offutmes coni ran s and i lie stock index Thus, i he piefei- 
ente-fice production rules derived below follow directly from tire continuous-time 
nature of the model. This ability to rebalance continuously is missing from discrete- 
time models, like that of Anderson and Danthme (1980), although Rubinstein (197b) 
shows that the Blaik-S<holes formula can be derived when investors are able to trade 
only at discrete intervals provided that the joint distribution of stock prices and mai- 
gmal utility is log not mat 

8 It might scent more natural lo treat quantity, (<), and .S' as the stale variables of the 
system. F would then be solved for endogenously However, it is mathematically equiva¬ 
lent and operationally simpler to describe the market equilibrium in terms of F and S, 
because F is observable at t < T This facilitates empirical estimation of the valuation 
formula Treating Q and 5 as the state variables and assuming the government does not 
atinely intervene to support the spot price, we can show that the equilibrium futures 
price is given by 

( <T 2 

>■(!) = (lUfSUf exp 0r + 5(8 - I) —3*- 


F (j((j - I)—— + 8(JlT^tT s p sc , 


('/' 


0 . 


where 5 * - 1/e and 3 « p/e Using Ito’s lemma we can then show that the equilibrium 
(lynamirs (or the lutmes price are given by (6a) where 

a f = P(a s - r) + &a Q , 

cr, di f = (Jnr s rfr s + ha^dz^,. 


(tia') 
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index, S, are described by diffusion processes: 9 


dF_ 

F 


OLydt + (Tydzy , 


(6a) 


ds 

s 


OL s dt + (Jsdzs, 


(6b) 


where a and a 2 are instantaneous expected growth rates and vari¬ 
ances rates, respectively. The vibration of actual changes around ex¬ 
pected changes is modeled by the Wiener processes dz F and dz s \ these 
processes have zero mean, unit variance, and an instantaneous corre¬ 
lation of p. Because futures contracts are settled daily, the value of any 
contract is zero. Further, when the contract matures, /•'('/) will equal 
P(T)}° 

Let HOft), F(t), S(t), t] represent the value at time t of the claim to a 
farmer’s revenue, where subscripts j have been dropped for nota- 
tional simplicity. F(t) and S(t) are, respectively, the futures price and 
the value of the stock market index at date /; 0(/) is the expectation at 
time t of the market share that the producer will realize at time T. 
Expectations are assumed rational in that the expected value of the 
change in 0 is zero. Actual expectations will change only as new (un¬ 
anticipated) information becomes available. We therefore assume that 
the dynamics of 0 can be described by the diffusion process 

d0 , 

— Z — ~ <J»dZn, 


which has zero drift. It follows fioin equation (6c) that the > 
of 0(7) at date t < T is simply 0(/)—a consequence of the .. 
of rational expectations. Using the dynamics given in (( 
show in the Appendix by standard methods from the opt. 
literature that the valuation function, V(-), must satish i! 
differential equation 

[ /i V / HB0''wfl + VzLvs.S'^cTs + '/> Vyi F ~rrj 
+ VsySFiTsfTfP + V’, — f( V - V' S 'S ) = 0. 


(7) 


1 I his assumption is not resiruiive in that this approach tan also he used to dense 
valuation formulae in the presence of mixed jump and diffusion processes lollotonx 
•he analysis of Cox and Ross (1976) anti Mellon (1976) Howesei. a tlosed-loim 
< haracterization of the solution is then no longer available. We also assume, foi lontc- 
nience, in cq. (6) that u is time mvanant. Samuelson (1965) anti Amltisou (198J), 
among others, discuss the merits of this assumption 

In ptactice, the price any individual farmer incites at /' pci unit ol output need 
not converge to F(7‘) because of till fciences in the qualits of the i rop tu the delivers 
location. We ignore this “basis risk," although under the assumption that lusts risk is 
unsystematic, our valuation functions would still hold with only mmoi modifications. 
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The value of the claim to the output, F(0, S, F, t), is given by the 
solution for V of equation (7) with the terminal condition 

V[8(T), F(T), S(T), T] = Q(T)P(T)Q(T) 

( 8 ) 

= Q(T)F(T)Q(T) = d(T)S(TfF(T) l ~\ 
The valuation function that satisfies (7) and ( 8 ) is: 

V[0(<), F(t), 5(0, <] = 0(Of(O l ' ‘S(0 p exp{[-r + (3r + >/fe(c - 1)<4 

+ •/,(!(P - I)o'i + 3(1 - e)pcr s cr/. ](T - t)}. 

(9) 

In a risk-neutral world the valuation function (9) would have a simple 
interpretation—that the value of the output is the present discounted 
value (at the riskless rate) of expected revenues, since expected reve¬ 
nues are given by 

Q(i)F(t)' exp {[pa.v + ‘/je(e - 1 )cr‘i 

+ '/2p(p - 1 )(t5s + P (1 - e)p(T S o-/-](7' - t)}. 

and in a risk-neutral equilibrium a s would equal r. 

The value of the crop is larger (i) as the expected market share 
rises: dVji-Vdd, = V > 0; (ii) with increases in the futures price for 0 < 
e < 1 and with decreases in the futures price for e > 1, dV,{-)ldF{t) = 
(1 - e)(V7F); (iii) with increases in wealth, 0V' ; (-)/0.S'(/) = 3( VIS ) > 0; 
and (iv) with decreases in the interest rate dV } (-)ldr = —(T - f)(l ~ 
P)V < 0. I he effects of changes in the demand elasticities, p and e, 
and the variance of the state variables, cr s and o>, on the value of the 
crop are, in general, ambiguous. However, for p > 0 and 0 < e < '/>, as 
demand becomes less price inelastic (larger e) the value of the crop 
decreases, and for p > as demand becomes less wealth inelastic 
(larger p) the value of the crop increases. For p > 1 an increase in the 
variance of percentage changes in wealth (larger u s ) unambiguously 
increases the value of the crop. 

The valuation function (9) can be used to infer the relative propor¬ 
tions of the crop, the stock index, and the futures contracts held in the 
hedged portfolio. The portfolio consists of Vf. short positions in the 
futures contracts and short positions in the stock market index. 
Therefore, the ratio of the dollar values of the holdings of each secu¬ 
rity to the value of the crop are FVpIV and SV<,IV. SF s gives the dollai 
value of the stock market holdings in the hedged portfolio, while FV t . 
gives the dollar value of the amount that the farmer will receive for 
delivery of V f futures contracts. From expression (9) it follows that 
FVf.IV = 1 — e and SV s /V = p. It is interesting to note that for e > 1. 
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the farmer will take a long position in the futures market . 11 This is 
because for a price elasticity greater than one, revenue from the crop 
varies inversely with the spot price. Thus the appropriate hedge in¬ 
volves a long position in futures contracts for which profits increase 
with the spot price. It should also be noted that the weights in the 
hedge- portfolio of the futures contract and stock market index will 
change continuously with the passage of time and fluctuations in F 
and S. The producer must continuously reevaluate Fv and V F to re¬ 
balance the hedge portfolio. This requires knowledge of F and .S' at 
all points in time, as well as of the demand elasticities. 

Notice that the contingent claims technique is extremely flexible. 
For example, when agricultural price supports are implemented at a 
support price P, the appropriate terminal condition is given by 

V[0(7), F(T), S(T), T] = max l&(T)S(TfF('/')' 

( 10 ) 

e(T)S(TfF(T)- f Pl 

We have assumed in (10) that the government lets the market clear 
and compensates the farmer for the difference between the market 
and support prices. With the exception of dairy products, all major 
commodities are supported in this way (Congressional Budget Office 
1970). Therefore, once the crop is planted, the support system will 
affect neither spot nor futures prices. The hedge portfolio still can be 
constructed by combining positions in the crop, futures contracts, the 
stock market, and riskless borrowing or lending. Therefore the \ >' 
of any firm’s future revenues still must satisfy equation (7) 
ing over j, the valuation formula that satisfies (7) and (in 

V(F,S,t) = VoN(l)i) + V P [\ - N(1J,) j, 
where t = T - t, 

V„ = <> ( tf ~ r)T (.s' ti / r 1 - *), 

V T , = e {m ' )r (S^F l P), 

g = Pr + '/20(P - 1 )crs - '/->€(l - e)cr j + 3(1 - e)o>cr s p, 
m = 0r + ‘/i;P(P — l)ffs + '^?e( 1 + e)o; - peo>(T s p, 

-V(-) is the cumulative normal distribution, 

_ (W) + (o?t/2) 

Ih ^7 ’ 

and 

lh = V\ ~ a h Vr. 

" Estimates oft for 1 1 different commodities are prooded m Sec. Ill (tal)le I). file 
vealth elasticity of demand, (J, lor agriiultiiial goods is expected to In- well below one- 
lalf s 



4 1 8 JOURNAL OF POLITICAL ECONOMY 

As would be expected, an increase in the support level, P , increases 
the value of the claim, as does an increase in wealth, S. 12 Equation (11) 
can be interpreted as a modified Black-Scholes formula for a put 
option with a randomly evolving exercise price V? on an asset with 
value IV is, from equation (9), the present value of the crop in the 
absence of supports. Similarly, V p is the present value of the crop if 
priced at P. 


Optimal Production Rules 
1. General Rule 

T he farmer chooses the size of the crop so as to maximize the value of 
his harvest. From expression (5) it follows that the optimal choice for 
l f (the value of the factor inputs) is implicitly defined by the first-order 
condition for value maximization: 

^7^V(0=I. (12) 

dl, 

Equation (12) simply states that when individual production decisions 
are optimal, one extra dollar of investment at the margin must lead to 
a one-dollar increase in the ex ante value of the crop, for every farm j. 
It follows that if any individual firm overestimates V'(-), it will be 
incurring too high a marginal cost and will be “overinvesting" in the 
crop. 


2. Special Case: Nonstochastic Output 

What would happen if the farmer treated output as nonstochastic, as 
has much of the literature? In this case, the standard deviation of 
output (uq in (6a'], n. 8) is mistakenly assumed to be equal to zero. 
The “incorrect” value function can then be derived by proceeding as 
above but imposing the false restriction that uq — 0. Under this re¬ 
striction, F and S are locally perfectly correlated, that is, p = 1. Fur¬ 
ther, expression (6a’) in note 8 can be used to relate the instantaneous 
variances of F and S: 


•2 _ P 

Op-J—. 

e 


(13) 


IJ Ihe hedge latio SV \IV, as above, is equal to (3. However, the hedge ratio FV^/V is 
now more complicated and is equal to 

/« "GUO,)! , _ , _ x „_ , r<«—*».(0.,)i 


Vo. 


(I - t)N(Ot) + 


V7 


+ Vp 


-e + tN(D.9 + 


/V f Vr 


V. 
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Imposing (13) in (9) gives the "incorrect” value function—the value of 
the crop if output were treated as nonstochastic (in the absence of 
price supports): 


K[F(<), S«). = 0] = 


exp 


— r + (Jr + 


3g‘j (3 

2 U 


I )] (7 ' " °}' 


(14) 


where 0 has been dropped for notational simplicity. It is now- 
straightforward to show that the improper use of (14) to value the 
crop leads to the standard rule that marginal cost equals the dis¬ 
counted futures price. When <tq = 0, it follows from equations (1) and 
(6) that: 


F[Q(7')J = Q(T) = F(t) exp 


3r + 


3g s (3 

2 U 


l)](7' - I) 


( 13 ) 


Thus we may rewrite (14) as 

V(F, S, t|cr y = 0) = ( )JT)F(I)e HT ,) . (If.) 

Inserting (16) into (12) and noting that l/[0,'(/,)Q(7)] is tin 
cost of one unit of output, we tan rewrite condition (12) t> 
the optimal production rule, when output is nonstochuM 
the marginal cost of one unit of production equal to the i 1 
futures price: 


F(/V-’ u '~ n 


l 

ie;(/,)Ql 


This is the standard result found in the literature. Thus our produc- 
tion rule includes the nonstocliastic production rule as a special case. 


I). Analytical Comparison of Production Rules 

The application of (12’) when output is in fact stochastic will lead 
farmers to expend an inappropriate level of resources. As shown in 
equation (12), the optimal level of marginal cost is proportional to the 
farmer’s perception of the ex ante value of the crop. Therefore, In- 
comparing the estimates of V(F, S. t ) when output is treated as non¬ 
stochastic to its correct value, one may evaluate the percentage differ- 
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ence in marginal costs chosen by a farmer who uses the rule that 
marginal cost equals the discounted futures price instead of the cor¬ 
rect rule: 11 


nm su), /ku = o] - s(t ), <] 

V[F«),S0),l] ’ ' ’ 

where V'[ ^(Z), S(t), /] is the solution to the partial differential equation 
given by (7) with the appropriate boundary condition. 


1. In the Absence of Agricultural Price Supports 

In the absence of price supports, the valuation formulae are given by 
(9) (stochastic output) and (14) (nonstochastic output). Substituting 
(9) and (14) into (17) yields the percentage difference in the two 
valuation formulae: 


exp 


Per 


l € / 


(T - t ) 


- 1. 


exp 




l)»c + y(P ~ l)crs- + P(1 - e)pu\0> 


(T - l) 


(l»a) 


Empirical estimates of expression (18a) are presented below for 11 
different commodities. 


2. In the Presence of Agricultural Price Supports 

In the presence of supports, the valuation rule with stochastic output 
is given by (11), while the assumption of nonslot hastic output yields 
(14). Substituting these expressions into (17) yields the percentage 
difference in the marginal cost that the farmer would incur by follow¬ 
ing the simple rule that marginal cost equals the futures price (14) 


11 I tic peticntage ertor in marginal cost is a measure ot icsoutic niisalloiation. Ii 
docs not necessarily indicate the magnitude ol welfare loss, which would more properly 
he measured by lost piodutei plus consumer suiplus. However, that measure would 
requite several inputs, such as fatmeis' production functions, which are not integral to 
the test of the analysis. It also should be ac knowledged that a small pen entage error in 
maigina! cost need not translate into a small error in output if the marginal cost curve is 
relatively Hat. This again is an empirical issue Iteyond the slope ol our analysis. How¬ 
ever, we note that agricultural price support programs generally involve cropland set- 
aside ptovisions, which effectively limit the land allowable for planting. Limits on this 
input must induce a significant steepening ot the marginal cost per unit ol output. 
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rather than the correct rule: 11 
exp 




N(D t )e ( « 


- 1 . 


(18b) 


Empirical estimates of (18b) are also presented below for 11 different 
commodities. 


III. Production Rules for Various Commodities: 

Empirical Results 

Equations (18a) and (18b) provide a comparison of the optimal values 
of 0,'(/ 7 ) under the simple versus the general rule of production, flow 
good an approximation is the simple rule? This question can be an¬ 
swered given parameter estimates for the valuation formulae. Esti¬ 
mates of ay, ay, and p were taken from Bodie and Rosansky (1980), 
who examined returns on 2(1 commodity futures contracts, of which 
If were agricultural. Price elasticities, e, were obtained from Schnitt- 
ker Associates. These data are presented in table 1. Because we were 
unable to locate disaggregated wealth elasticity estimates, sesetal 
values were examined. However, the results are quite insensitise f<» 
the exact choice of wealth elasticity, and therefore we presi , 
only for a wealth elasticity of 0.25. 11 

Table 2 presents estimates ot (18a) using the valuatn 
derived for the no price suppoit case. For all 1 1 com modi' 
eted, the simple rule leads the farmer to produce too mm 1 
in most cases the error is quite small. The tesulis present! ■ 
are given for two alternative lengths of time until the hats cm 
'/•i year and T - / = 1 yeat. The percentage errors tango lmm 
percent to 11.7 percent, though only for one commodity, sugar, is the 
error greater than 5 percent. For all commodities considered the 


1 ' In tlu* presence of agt k uliui .il pi ice suppoi is iheie is no nannal me 01 ire i ' i tile 
to compare wilh ihc “correct” rule Kvcn it output were nonstochustle. hunters would 
not be expected to use the rule that discounted (mures puce ecjuals marginal cost when 
/■ < r, because the effective price imisi Ik* at least/* I bus a natural extension wtuild Ik* 
to assume the farmer sets the discounted value ol max (/\ F) ecpiai to the 1 mutes pi ice. 
Vn alternative “intoned” rule could be derived bv assuming thar the lamici's onlv 
mistake is to assume incorrectly that cr^ - O in (Ha’) 1 lie valuation would then be given 
by imposing the variance restriction (!!!) on eq (II). We ha\e chosen the comparison 
alxne because it gives an upper bound to the maximum possible error 

T his number is consistent with precious estimates ol aggregate income elasticities 
See. eg, Tomek (1977), who surveyed empuieal studies ol the demand for food 
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TABLE 1 

Parameter Esiimatks 


Commodity 


per, it ^ 

E 

Wheat 


-.0)33 

.10 

Corn 

.263 

-.0154 

.30 

Odts 

195 

.0 

.30 

Soybeans 

.32.3 

-.0096 

.40 

Soylxran oil 

577 

- .0233 

65 

Soybean meal 

.356 

.0066 

.40 

Potatoes 

.321 

-.0219 

.15 

Cotton 

.362 

- .0005 

.20 

Orange juke 

.313 

0042 

.45 

Cocoa 

.546 

-.0105 

.40 

Sugar 

1.162 

- .0663 

15 

S<*1 R< IS Kilt 1|« 

and Rnsanskv (1980. whlc 8), Schmuker Associates, 


Non - Botin* and Rnsanskv m.Uimun were derived tor 

-7fi using 'i-momh holding iK-rmd yields 

Htunaies 

of ptr*. try del iu*d h> multiply mg Bndie and Rm.uiskv v estimates 

of CAPM 0 by estimates t»l ihr market (Standard Sc 


Pool’s 'WMl) valMIHC < 035 ‘>) 


percentage error is a nondecreasing function of the time to harvest 
and the wealth elasticity (results other than for p = 0.25 not shown). 
However, even for values of (3 = 0.5, only one commodity, sugar, has 
an error greater than 5 percent (16.4 percent for T - t = 1 year). 
Thus f or all commodities except sugar the simple rule of setting mar¬ 
ginal cost equal to the discounted futures price seems to be a very 
accurate approximation to the general rule. 


I ABLE 2 

Comparison or Produc iion Kuies: No Price Supports 

Time to Harvesi' 


CoMMonn v 

6 Months 

1 Year 

Wheal 

.0087 

.0175 

Corn 

.0063 

.0127 

Oats 

.0033 

0066 

Soybeans 

0078 

.0158 

Soybean oil 

.0020 

.0413 

■Soybean meal 

0078 

.0157 

Potatoes 

0) 12 

.0226 

Cotton 

.0076 

.0152 

Orange juice 

.0067 

.0134 

Cocoa 

.0197 

.0398 

Sugar 

.0569 

.1171 


Non —E,[mi.,!r, ol cxprcMion MHa) 

v'Ieio. MO.il^ « «) - rifto.WMl 

n/iD. si/).i| 
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TABLE 3 


Comparison of 

Production Rui.es: 

Wl 1 H Prk f. 

St'PPOR | s 





P/F 



C.OMMOD11Y 

.73 

.90 

1 0 

1.1 

1.25 

Wheat 

.0000 

- .0336 

- 0746 

- 1263 

- 2096 

Corn 

.0014 

- 0277 

- 0690 

- 1233 

- 2112 

Gals 

.0024 

-.0144 

- 0517 

- 1089 

- 2039 

Soybeans 

- .0041 

- .0429 

- .0867 

-.1395 

- 2226 

Soybean oil 

-.0561 

.1241 

- 1745 

- .2252 

- 2973 

Soybean meal 

- .0088 

-.0512 

- 0954 

-.1472 

- 2278 

Potatoes 

- 0137 

- .0598 

-.1032 

- 1522 

- 2281 

Cotton 

-.0084 

-.0490 

- 0917 

- 1421 

- 2214 

Orange juice 

-.0047 

- .0429 

- 0867 

- 1397 

- 2231 

Cocoa 

- 0369 

- .0968 

-.1440 

-.1931 

- 2652 

Sugar 

- 1329 

-.2012 

- 24.50 

— .2865 

- 3438 

Noii 1 line ti 

■ml h.trvcsi <> month' 1“ Miniate*, of explosion (IHb) 




>[/■< '). SO ). » 1 - Ml) >1 

M/■!(). 1(0. /j 


Tables 3 and 4 present estimates of (lfib), which is ihe percentage 
difference in marginal tost that would result from using the simple 
“marginal cost equals futures price” rule instead of the optimal rule 
derived for stochastic output under price supports. Both tables pie- 
sent results for five possible ratios of support price to futures pi u c li 
almost all cases, following the simple rule would lead the ' 
produce too little. I bis is hardly surprising, since the g 


I ABI E 4 

Comparisons of Proi>c< 1 ion Reu s- W1111 Prof Si nun 





p,l■ 



C loMMODl 1 Y 

75 

90 

1 0 

1 1 

1 25 

Wheat 

- 0093 

0559 

- 0992 

- 1479 

- 22 12 

Corn 

- 0063 

- 0501 

- 0919 

1 164 

2262 

()ats 

0006 

- 0300 

- 0714 

1249 

- 2114 

Soybeans 

- .0205 

- 074 1 

- 1205 

1710 

- 2167 

Soybean oil 

-.1246 

- 2038 

- 2550 

- 3033 

• 3(>H9 

Soybean meal 

- 0298 

- .0862 

- . 1326 

- 1820 

2553 

Potatoes 

- .0363 

- 0934 

1380 

1815 

2531 

Cotton 

- .2069 

- 0800 

- 1243 

- .1720 

- 24 18 

Oiangc juice 

- 0216 

- 0748 

- 1212 

- 1718 

- 2177 

(-ix oa 

- 0808 

- 1514 

- .1998 

■ 2170 

3131 

Sugar 

-.1992 

- 2706 

- 3136 

3530 

1030 

Non - I imc until h.it \ 

f.i 1 vr.ir 

t 

1-Mim.iM*' of uvpiussion (|Hh) 
l*(0. s<o. = o] - l !/■</> S(<)./| 




l JMM, MO 0 


* 
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guarantees /timers a minimum price that may be above the market 
price. As expected, the exact magnitude of the error is quite sensitive 
to the appropiiate PIF. 

If the government were to guarantee farmers a minimum price 
equal to the current futures price (which can be interpreted as the 
risk-adjusted expec ted spot price), then for six of the 11 commodities 
the percentage error would be greater than 10 percent and for all the 
commodities the error would be greater than 5 percent. This assumes 
that the lag between planting and the harvest is 1 year. Over a b- 
inonth horizon the simple rule would do slightly better, only three 
commodities having an error greater than 10 percent. However, fol¬ 
lower values of PIF, such as 0.75, the error due to use of the simple 
rule is negligible. 

Thus the accutacv of the simple production rule is af fected by the 
existence and level of price supports. In practice, only a limited num¬ 
ber of crops are supported (Congressional Budget Office 1070). As to 
the appropiiate level of PIF: for the 1982 harvest PIF was approxi¬ 
mately 0.75 for oats and soybeans and approximately 1.0 for wheat, 
cot n, and cotton. In all cases the error is less than 10 percent for a b- 
nionth horizon and the simple rule is a veiy accurate approximation 
for these commodities. 

To summarize, in the absence of price supports our results indicate 
that the simple i ule is a good approximation to the more general one. 

In the present e of price supports we find similar results, as long as the 
suppott price is not set too high relative to the tisk-adjusled expected 
spot price. Therefore, the futures price by itself, as suggested by 
Black (197<i), does indeed provide valuable inhumation tor produc¬ 
ers, storers, and users of commodities. 

IV. Conclusions 

This paper considers the production decision of a linn lacing both 
demand and output uncertainty. In particular, we consider the case 
of an agricultural producer. We extend previous work on the theory 
of production under uncertainty to derive preference-free produc¬ 
tion rules even when output is stochastic. The production rules do 
depend on the existence of Well-developed futures markets, which 
suggests that the development of markets that do not currently exist 
could lead to more efficient production decisions. 


Appendix 

Diffeientiating V( ) using Ito's lemma gives the dynamics for the change in 
the value of the claim: 



FUTURES MARKETS ^ 

dv = Me + v f df + \\ds + v,di + VtV n (dFf + >/,i\ s Wvr 

+ 'AVmidto)* + V s; dSdt + VftdFdQ + l\„z/.SV/0. 

Notiu* that the last two let ms in (Al) equal /e.o hy the assumption that 
Him tuations in expected market shares, involve purely idiosvncVatic risk 
which implies that the cot relations between F and 0, and S and « ate zero tot- 
all J. 

Following Merton (1977), consider a poitfolio consisting of (1) the claim to 
the farmer's revenue (value = V); (2) V, short positions in the futures con- 
trait (value — 0); (,-t) V\ short positions in the stock index (value = — V\.S'); 
and (4) borrowing of V - SV\ at the tiskless rate r. The instantaneous change 
in the value of such a portfolio will equal 

dV - dF - dS - r{V - S\\)dl. (A2) 

Substituting from (6) and (Al) reveals that the stochastic component of (A2) 
dettves from only one source of risk—that mixing from uncertainty over 
market shares, dz„. According to our assumptions, this nsk is fitm specific, in¬ 
put differently, diversthable, and theiefoie does not lequtre a tixk premium. 
Further, since the poitfolio requires zero net initial investment, it must earn a 
zero expected return in equilibrium. Iherefore, ihe deterministic part of 
(A2) must equal zero, which on substitution from (9) and (Al) vields (7) 
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Advertising as a Signal 


Richard E. Kihlstrom and Michael H. Riordan 

L'mversity of Pevmylvnnm 


A great deal of advertising appeals to convey no direct credible 
inloi ination about product qualities Nevertheless, such advertising 
may indirectly signal quality if theie exist maiket mechanisms that 
produce a positive relationship between product quality and achet- 
tising expenditures. Two modelsol this phenomenon are piesented. 

In each, advet Using signals quality in the shot I tun. The models 
differ in their treatment ol the eilert ol advertising on long-run 
sales. In the lirst, all high-quality firms ultimately establish reputa¬ 
tions Tot high quality whether they advertise or not. I Ins is shown to 
imply that advet living can signal quality tl and onlv tl high-qualitv 
production requires investments in specialized assets that increase 
fixed costs but not marginal costs. In the second model, whete 
nonadvertising firms nevei acquire a reputation for high qualm, 
advertising might signal quality even if marginal ptotlitction msis 
are somewhat lower for low quality. 1 hese conclusions closc-h t 
lei atguments previously made by Hlnllip Nelson. 

I. Introduction 

One observes a great deal of advertising that appears to > 
diiect, credible information about product qualities. I'hilhj 
has argued in a series of papers (1970, 1974. 1978) that this sen: 
advertising can still be informative, but indirectly so. it dteic exist 
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l Diversity, at Princeton L'ni\ersu>, and at the Federal liadc Commission We ale 
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paper has also benefited from comments by Jacques Cremei and an unomnums let 
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market mechanisms tiiat produce a positive relationship between 
product quality and advertising expenditures. In this case, consumers 
can correctly infer unobservable quality from observable advertising; 
that is, advertising signals quality. 

Advertising can signal quality only if higher-quality firms find it 
profitable to invest in relatively more advertising than do lower- 
quality firms, and conversely. If advertising costs are the same for all 
brands, then the returns to advertising must be greater for higher 
quality. This feature distinguishes an advertising signal from the type 
of signal discussed by Spence (1973) for which asymmetry in the cost 
of the signal, not the return, is fundamental. 

Nelson (1974) argues that the inteiaction of experience and repeat 
pure bases tan < icate an asymmeti y in the returns to advertising capa¬ 
ble of suppoinng advertising as a signal. He assumes that advertising 
expands the initial sales for ali brands equally but increases repeat 
putt bases of higher-quality brands relatively mote. The differentia! 
impact of advertising on repeat purchases matters, because otherwise- 
profits generated by advertising would be the same lor all firms “un¬ 
less costs behaved m a very peculiar mannei" (1974, p. 753). Nelson’s 
argument is intuitive and interesting. Unfortunately, he does not pro¬ 
vide a complete model of market competition. 

Richard Schmalensee (1978) has constructed a market model in 
which advertising is linked to repeat purchases through an ad hoc 
specification of consumer behavior. The model is loosely patterned 
on Nelson's ideas but does not really capture the mini mational role of 
adveitismg as a signal. In fact, Schmalensee exhibits equilibria in 
which low-quality firms profitably adveitise moie than high-quality 
films. Ibis possibility is certainly inconsistent with lational equilib- 
lium behavior of consumeis. 

I leu- we develop two models of advertising as a signal that are more 
in the spuit of Nelson’s argument. In both models, advertising is 
simply a conspicuous expenditure of resources by linns. Firms are 
pi ice takers who by advertising influence the pi ice at which then 
products can be sold. In the hist model, we assume that consumeis 
are uninfoimed about quality when making an initial purchase- but 
fully informed about it when making subsequent purchases. Such 
situations will arise if communication between all consumers is per¬ 
fect, so that each consumer's experience with initial purc hases be¬ 
comes common knowledge. With this information structure, advertis¬ 
ing affects only the price at which initial sales are made, and it does so 
symmetrically for all firms. In this model, consumers interpret adver¬ 
tising as a signal of quality and rationally infer high quality when 
advertising expenditures are sufficiently large. When a firm signals In 
advertising, it demonstrates to consumers that its production cost- 
and the demand for its product are such that adveitising costs can l>< 
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recovered. In order for advertising to be an effective signal, high- 
quality firms must be able to recover advertising costs while low- 
quality firms cannot. Consumers must also be well enough informed 
about costs to realize that advertising is profitable tor high-quality but 
not for low-quality firms. 

In this first model, repeat sales cannot be attributed to advertising. 
Because of the information structure, high-quality firms will make 
repeat sales even if they do not advertise. Thus, this model does not 
exactly capture the spirit of Nelson's argument. Nevertheless, adver¬ 
tising can arise in the model and the advertising is to some extent 
financed by the profits obtained f rom repeat sales, even though ihese 
sales are not due to advertising. As we show, however, advertising can 
be an effective signal in this model only if certain cost conditions are 
satisfied. As Nelson suggested, these cost conditions are a bit peculiar. 
They do, however, have an intuitive interpretation. Specifically, if 
high-quality production requires investment in specialized assets that 
increase fixeti costs, but not marginal costs, relative to low quality, then 
there exist (possibly many) market equilibria in which adveitismg 
signals quality. If , however, higher quality raises marginal costs, then 
no such equilibria exist. 

It is also shown that even without repeal purchases these same cost 
conditions alone can almost always generate an equilibrium in which 
advertising signals quality. In virtually all cases in which udveitism■■ 
equilibria exist with repeat purchases, they also exist withom 
purchases. The one case in which advertising cannot e\c 
repeat purchases is a borderline case, albeit a somewhat i 
one, namely, the case in which marginal costs are the saun 
and low quality. Except in this case, it is therefore not m 
introduce the assumption of repeat purchases by cousin 

learn from experience in order to explain advertising as a sigi. 

true, however (and this is shown m proposition 3 below), that the m i 
of possible equilibria and the amount of advertising that can be 
financed in equilibrium will be affected if repeat sales become more 
impoitant. 

1 he final section of the paper briefly describes an alternative for¬ 
mulation of the model in which the informational assumptions un¬ 
modified slightly. As noted above, the model discussed in the carliei 
sections of the paper assumes I hat high-quality firms that choose not 
to advertise ultimately establish reputations for high quality in spite ol 
the fact that they do not advertise. They tire, therefore, ultimately 
able to sell their output at the higher price obtainable in the high- 
quality market. In contrast, the model of the final section assumes that 
it all high-quality firms but one advertise, the nonadvertiser will never 
acquire a reputation for high quality and never make sales in the 
high-quality market. With this alternative formulation, advertising 
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can be viewed as leading to repeat purchases. In this model, the 
returns to advertising by high-quality firms are higher than in the first 
model. As a consequence, in the model of the final section, advertis¬ 
ing equilibria can exist even if marginal production costs are some¬ 
what lower for low quality. Since the repeat purchases obtained by 
high-quality producers in the model of the final section are attribut¬ 
able to advertising, that model most adequately captures the spirit of 
Nelson’s argument. 

Klein and LefHer (1981) have also recently argued that advertising 
might signal quality under the assumption that low-quality firms en¬ 
joy both an average cost and a marginal cost advantage. Their model 
is most closely related to the model we describe in Section IV'. l’he 
idea that fixed costs such as advertising might signal quality also ap¬ 
pears in recent work by Wolinsky (1981, 1983). The primary focus of 
VVolinsky’s work, however, is on prices as signals of quality in a model 
where consumeis search for quality. Another model in which adver¬ 
tising signals quality is described in Johnsen (197b). 1 In Johnsen’s 
work, some buyers are “experimenters” who will buy a product if a 
sufficiently large amount is spent advertising it. If these experiment¬ 
ers find the product to be of high quality, they recommend it to 
"imitators,” who subsequently buy it. In this way, advertising by high- 
quality sellers leads to repeat sales but advertising by low-quality firms 
does not. For this reason, only high-quality firms advertise and adver¬ 
tising signals quality. Thus, johnsen’s model provides an interesting 
alternative to our formalization of Nelson’s ideas. 

The papers that make up the literature on prices as signals ol 
quality are also obviously related to the present analysis. The most 
obvious connection is the informational asymmetry introduced by the 
fact that in these papers, as in ours, firms know quality while at least 
some consumers do not. Typically, these models assume that there is a 
subgroup of relatively well-informed buyers whose information is 
conveyed by the equilibrium price. Thus, the informational assump¬ 
tions and the equilibrium concepts in this literature differ sig¬ 
nificantly from those investigated here. Contributions to this litera¬ 
ture have been made by Fairell (1980), Chan and Leland (1982), and 
Cooper and Ross (1984). 

II. Advertising Equilibrium with Repeat Purchases 

Our model possesses a variety of special features: 

1. There are only two qualities of the good available, high or low. 

2. We consider advertising in a new market in which consumers 


We are grateful to Ed Prescott for this reterence. 
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initially have no information about quality but eventually become 
perfectly informed through experience and reputation effects. We 
model these factors in a highly stylized way. The market evolves in 
two periods. In the first, consumers have no direct information on the 
qualities of competing brands but do observe advertising decisions. In 
the second, all consumers are perfectly informed about all previously 
offered brands. We are for now implicitly assuming that reputation 
and experience ef fects work equally quickly for high- and low-quality 
brands. 

3. All entry takes place at the beginning of the first period. Firms 
make unalterable quality choices at that time. That is, a firm that 
produces high quality in the first period also produces high quality in 
the second period, and similarly for a low-quality firm. We explicitly 
rule out the possibility that a firm might initially produce high quality 
and then, having established a reputation, switch to low quality. This 
assumption makes sense if production requires investments in 
quality-specific assets that, once committed, have a low opportunity 
cost. 

4. The acquisition of the technology required to produce high- 
quality goods requires a one-time expendituie of I-',/ in peiiod I. 
These expenditures together with adveiusing expenditures (if any) 
represent the fixed costs incurred by each high-quality producer 
Low-quality producers acquire their technology for an investment ni 
Fi. Low-quality producers may also choose to advertise. 1 lu 

costs equal /•'/. plus any amount they choose to spend on ad . 

5. The high-quality tec hnology acquired by the expencfio. 
represented by the variable cost f unction (.(■, 11). Similarly, t).• 
ment F /. obtains a technology with the cost f unction (.'(•, 1.) 

We assume that storage is impossible, so that all the output 
period is produced in that period. Firms, therefore, make 
duction runs. Thus, a firm of quality q (where c/ — II m i/ -- / 
producing X| units in period 1 and x? units in peiiod 2 incurs costs of 
L’(X|, q ) in period 1 and C(x 2 , q) in period 2. 

We assume that marginal costs are positive and increasing. 1 hits, 

> 0 and (\ x > 0. Since represents variable costs, L’(0, </) - 0 for q — 
II and q = L. 

At this point we make no assumptions about the relative si/e of F lt 
and F/ or about the relationship between (.'(■, //) and (.(■. /.). We 
specifically do not assume that F,, exceeds F t . Nor do we assume that 
variable costs are higher if the high-quality technology is used. In¬ 
deed, one of the primary objectives of our analysis is to investigate the 
nature of the relationship that can exist between variable and fixed 
costs of high- and low-quality production if advertising equilihiia ex¬ 
ist. We will, however, assume throughout that the minimum average 
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cost of high-quality production is higher for high-quality producers. 
It is convenient for expositional reasons to postpone the statement of 
this assumption until more notation has been introduced and the 
formal definition of an advertising equilibrium has been presented. 

fi. In each period, there are two different markets: a high-quality 
market and a low-quality market. In the second period, firms are 
allocated to markets on the basis of true qualities. In the first period, 
firms are allocated to markets on the basis of advertising decisions. In 
order to enter the high-quality market, a firm must spend some 
minimum amount on advertising. Otherwise, a firm enters the low- 
quality market by default. Advertising is thus an “entry fee" into the 
high-quality market in the first period. As noted above, it becomes 
part of the firm’s fixed cost. 

7. Each market is competitive. Firms are price takers and prices 
clear markets. First-period entry continues until the total discounted 
profits from operations in both periods are zero in both markets. In 
order to simplify the analysis, we assume that there is a continuum of 
potential entrants. I bis assumption justifies the assumption of com¬ 
petition and eliminates the need to consider integer constraints on 
entry. 

X. Buyers in the high-quality market are those who are willing to 
pay a premium, h, for the high-quality good. There are assumed to be 
mu such buyers. The other m, buyers are not willing to pay more lot 
high quality. 

The si/e of the premium, h, can be viewed as being determined 
endogenously and simultaneously with pn and p, , the high- and low- 
quality prices, respectively. In our exposition, we choose not to model 
the determination of A explicitly. 1 lowever, one approach is to assume 
that for high-quality buyers the marginal rate of substitution between 
high and low quality is fixed at k > 1. Thus, the indifference curves 
between high- and low-quality consumption. x /f and x t , respectively, 
are as shown in figure 1. Given pi , the premium h will be given by h = 
(* - !)/'/ ■ 

While we could proceed by making rather general assumptions 
about demand, we choose to simplify the discussion by assuming that 
in equilibrium each buyer purchases only one unit of whatever good 
(high or low quality) he chooses to buy. 

9. We assume that all consumers and producers know the costs of 
producing high and low quality even though consumers do not ini¬ 
tially know which firms use the high-quality technology. The consum¬ 
ers and producers also know how the high- and low-quality markets 
function. 

Having discussed the basic features of the model, we can now begin 
to describe formally the signaling equilibrium. We first note that in 
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each period t in which a firm produces a positive amount, the quantity 
supplied is that which maximizes period I profits gross of fixed costs. 
If the firm produces goods of quality q (where q -- II or q = and 
sells x, units at a market price of p, its period / profits gross of fixed 
costs are px, - C(x,, q). The maximizing x, is denoted by x(p, q) and 
satisfies 

f> = C x (\(p, q), q). (1) 

We let 

Mp. q) - px(p, q) - C(\(p. q). q) 

be the maximized value of per period profits gross of fixed 
Equilibrium is achieved in the low-qualitv market when tin , 
low-quality goods is such that discounted profits are zero ' 
satisfies 


(1 + 8)<J>(/>,, /.) - /•, - 0. 

where 6 is the discount factor. We assume ihioughom that 6 s tl l he 
tase 5 = 0 can be identified with the case in which we drop the 
assumption of a second period during which consumers are in¬ 
formed. The role of this assumption in the anal).sis tan therefore be 
studied by comparing the case 8 = 0 to the case of 8 > 0. 

Similarly, the equilibrium price in the high-quality market is p u . 
where 

(1 + 8)<t>(/i„, //) - (F„ + A) = 0. (I) 

and d denotes the amount of advertising necessary to enter the high- 
quality market. 
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We also have to impose a condition that will ensure that low-quality 
firms do not find it profitable to advertise and thereby enter the high- 
quality market in the first period. The profits obtained from such a 
strategy are <p(pn< /.) = 8<j>(/>/, A) — (/'/. + A), and these profits must 
be nonpositive; that is, we must have 

Mpn. /-) + 8<j>(/>,., Z.) - + d) ^ 0. (5) 

Finally, we must impose a condition that guarantees that the adver¬ 
tising expenditure, d, is not so large as to discourage high-quality 
firms from advertising in the first period. Specifically, the zero profits 
earned by high-quality firms must exceed the discounted profits they 
could earn by failing to advertise, selling at p L in the first period and 
then selling at p n in the second period. The profits earned from sucli 
a strategy are 4>(/b. ZZ) + //) — F// and we must have 

<p(p !. //) + 5 Mpu- H) - F„ =s 0. ((i) 

An advertising equilibrium is a pair of prices (pn, pi ) with pn > p, and 
a positive advertising expenditure level d such that conditions (3)—(6) 
hold. We must of course also have pn - p r < h, where it will be 
recalled that h is the premium that ni N buyers are willing to pay for 
high quality. In such an equilibrium, each high-quality firm will pro¬ 
duce x(p/,. II) units and eac h low-quality firm will supply x(pi , L) units. 

I here will then be /«„/.%•(/>„, H) firms producing high-quality goods 
and w/lx(p,, I.) producers of low-quality goods. 

Note that when conditions (3)—(6) hold, high-quality buyers who 
expect all advertisers to be high-quality producers will have rational 
expectations. 

Before beginning the analysis of conditions under which advertis¬ 
ing equilibria exist, we introduce some additional notation and stale 
formally the hypothesis that the minimum average cost is higher in 
the high-quality industry. Specifically, we define p" by the equality 

(1 + f))<f>(//', ZZ) - F„ = 0. (7) 

Clearly, p" is the minimum average cost of production in the high- 
quality industry just as pi is the minimum average cost of producing 
low quality. As such, p° is the equilibrium price that would prevail in 
the high-quality market if all consumers were informed in both pe¬ 
riods and if h + pi 3= p". Note that, since A > 0, pn must exceed p". 

We can now introduce the assumption that the minimum average 
cost of high-quality production exceeds that of low quality by simply 
assuming that p° > p r . 2 This is a rather weak hypothesis. It does not 


2 Note that even it we (lift not assume//' exceeded . this inequality would be implied 
by the conditions defining an advertising equilibrium. This is true since when pn ev 
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imply that bn exceeds b t or that marginal costs are higher with the 
high-quality technology. It does, however, imply that either fixed 
costs or marginal costs aie higher lor high-quality production. (To be 
perfectly correct, if fixed costs are lower for high quality, p" can ex¬ 
ceed pi, only it marginal costs are sometimes higher for high quality.) 

Observe that if p“ did not exceed p r , we would find that all m„ + m, 
buyers, that is, both high- and low-quality buyers, would be supplied 
by high-quality producers. In such a case, the informational problems 
on which this paper focuses would fail to arise. 

Note also that, when 8 = 0, p L < p" implies that <f>( p L , II) - b/, < 
<p(p", //) - b'n = 0 , so that (6) holds with a strict inequality. 

We will now derive necessary conditions for the existence of an 
advertising equilibrium. As a first step, we observe that conditions (3) 
and (5) imply that A is such that <$>(pn, !■) ~ <b(pi • !■) ^ A, anti condi¬ 
tions (4) and (6) imply that <$>(pn, II) ~ <t>(pi, II) 55 A. 

The first of these inequalities asserts that for low-quality pioducers 
the cost of advertising exceeds the increased profits due to advertis¬ 
ing. The second inequality states that for high-quality produceis the 
reverse is true. Of course, these two inequalities can hold simulta¬ 
neously only if 

Mpn. L) - <p(pi , I.) Mpu, II) ~ <!>(/>/. II) W 

When the inequality in (fi) is strict, the inequality in (8) must also be 
strict. Inequality (8) plays a role in our analysis similar to that played 
in Spence’s (1973) by the assumption that signaling costs decline 
quality increases. In the present context, the signaling cost- 
same for both high- and low-quality produceis. But when 
the returns from signaling by advertising are at least as high 
quality producers as lor low-quality producers. Inequaliu 
used to prove that no signaling equilibrium is possible it tlu 
cost of low-quality produc tion is always lower than the mai _ 
of high-quality production. Formally, wo base: 

Proposition 1: If C v (x, L) *£ f,\(x, //) for all v. and the inequalits is 
strict for some interval of* values between \{p t . I.) and v(/>". II). then 
no advertising equilibrium can exist. In addition, when 8 — <1. no 
equilibrium can exist when (,\(x, /.) = (.\(x, II), for all v. 

Proof: We will do the proof for the case in which (,’,(v. I.) •- C\(\. II). 
lor all x. A proof that applies to the more general case is easilv con¬ 
structed from this proof. 


<ecds p° (which, as noted alyove, it does in an advci Using rtjuihhnvnnh f>, -- \> implies 

4>(/>/_, H) t //) ' Fh - U + //) - h// = 0, 

,n contradiction of (h). 
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First, note that for <7 = // and q = L 

rI'n 

<$>a>u. q) - 4>(/>/. q) = <M P- q)dp (9) 

J/ , i 

Also, for either q value, q) = *(/>, q)- As figure 2 makes clear, it 
C x (x, I.) < (\(x, //), lot all x, then 

/,(p. L) = x(p, I.) > x(p, II) = //), (H>) 

for all p. Taken together, (9) and (10) imply that 

4>{pn< /-) - Mpi. I-) > Mpn , H) ~ Mpi.< HP (10 

that is, ( 8 ) fails, and we cannot have an advertising equilibrium. 

When (\(x, II) = (\(x, L) tor all x, the inequalities in (10) and (II) 
are replaced by equalities, so that (9) implies that ( 8 ) cannot hold as a 
strict inequality. If, in this case, 8 = 0 , no advertising equilibrium 
could therefore exist. Q.F..I). 

Inequality ( 11 ) is illustrated in figure 3, where <p{pn< H) <K pi. H) 
is the cross-hatched area, H, and <j>(/?//, I.) — $>(pi • I ) is die sum of the 
cross-hatched area, II, plus the shaded area, C. 

One case in which (\(x, 1.) ^ C\(x, II) occurs is where high-quality 
production requires the use of more expensive material or mote 
highly skilled labor. Proposition 1 implies that iti these cases advertis¬ 
ing equilibria cannot exist. 

Proposition 1 gives a sufficient condition for the nonexistence of 
advertising equilibria. It asserts that if an advertising equilibrium is to 
exist, the extra costs incut red in the production of high quality cannot 
result in a marginal cost curve for high-quality production that is 
always above the marginal cost curve for low-quality production 
When 6 = 0—that is, when there is no second period in which all 



advertising as a signal 



consumers are informed—iheie is an additional case in which no 
advertising equilibrium can exist, namely, the case in which the mar¬ 
ginal costs of producing high and low quality are always the same. 

The argument used to obtain proposition 1 can be reinterpreted to 
conclude that an advertising equilibrium can exist only it, 'on aver¬ 
age,'’ the marginal costs of low-quality production exceed or equal the 
marginal costs of high-quality production. In particular, (9) and the 
fact that <J<y) = x(p, q) can be used to interpret ( 8 ) as asserting that 
we must have \{j>, L) « x(p, II) more olten than not. because ol figute 
2 , it is dear that x(p. L) § v(/>, H) is the predominant case t! f ,(> ' 
(\(x, //) is also predominant. 

Having shown in proposition 1 that no advertising equili 1 
exist if the marginal cost of high-qualitv production is 
higher and never lower than that of low-qualitc produttto' 
now show that if low-quality producers have no maigtnal n 
tage over high-quality producers, then advertising cquilthi c> 
isi. fo do so, we first introduce some new notation. 

In particular, we define p by 

[(! + 8)<| Ap, II) - F,,\ ~ /-) I- H(p,.l ) - h I - 9- H2) 

Note that when 8 = 0, (12) becomes 

Wp, II) - /•„) - \Mp. /-) -/■;] = ", ( 12 ') 

When 8 > 0, we also define p by 

I topi: H) + II) - fid = 9. (13) 

for the present, we will simply assume that p and p exist and defer 
discussion of the conditions under which this is true. With the prices 
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p and p we associate the advertising levels A and ,4. defined by A = 
(I + 5)<t>(/>, hi) - F H , and A = (1 + 8)<J>(£, //) - /•'//, respectively. 

Proposition 2, which follows, demonstrates that when low-quality 
production never has a marginal cost advantage, the numbers defined 
above can be given a simple interpretation. Specifically, if pi. + h > p, 
then A will be the highest advertising level and p the corresponding 
highest high-quality price at which high-quality firms will be induced 
to undertake advertising in a free-entry equilibrium. This will be 
proved by showing that p is the maximum price satisfying (6), while A 
is the corresponding advertising level determined by the free-entry 
condition (4). Proposition 2 also demonstrates that A is the minimum 
advertising level, and p the corresponding minimum high-quality 
price, that dissuades low-quality firms from advertising in a free-entry 
equilibrium. T his will be demonstrated by observing that when p, t is 
related to A by (I) condition (5) is equivalent to 

[(1 + §)<!>(/>//. //) - /•'//] - l<t>(/>//. 1-) + Sd>(^,. A) - F,.\ * 0, (14) 

and by noting that p is the minimum price satisfying (14). 

Therefore, when low-quality production is not characterized by 
lower marginal cost than high-quality production, an advertising 
equilibrium must involve an advertising level A satisfying /lsA?A 
and a inn expending high-quality pric e, pa, satisfying p 5 pn ^ Jp. 
Clearly, A 5* A and p S= p are necessary conditions for this to be 
possible. These inequalities are established in proposition 2. The 
proposition also establishes that these inequalities are sufficient for 
the existence of an advertising equilibrium as long as p < Pi + >>■ 
Propose! ion 2: Assume that 

(\(x, I.) > C x (x, H) (15) 

for all x. Up exists, then p > p" > p/. and (14) holds at pn if and only if 
pii p. Also, when 8 > 0, p and p both exist, p 2= p and A ^ A- If (15) 
holds for all x and the inequality is strict on some interval of x values 
between x(p,, L) and x(p, //), then when 8 > 0 ,p>p and A > A- When 
(15) always holds with equality—that is, when C x {x, II) = f,\(x, /.)— 
then 8 > 0 implies p = p and A — A.. 

1’hus, if 8 > 0, if (15) holds for all x, and if pi + h > p, then for eac h 
pn G [p, min (p t . + h, p)], (p,,, pi. A) is an advertising equilibrium when 
A is defined by A = (1 -I- 8)<f i(p, h II) - F fl - 

If, in addition, the inequality in (15) is strict on some interval of v 
values between x(p f , L) and x{p, II), then there are multiple advertis¬ 
ing equilibria. If, however, 6’ x (x, L) = (V x (x, //) for all x, then the 
advertising equilibrium is unique. If 8 = 0, and if there exists a j> 
value such that <p(p, //) - cj \>(p, L) =* F// - F/., then p exists. If n> 
addition ( 15 ) holds with a strict inequality for all x and if pi. + h > p 
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then for each pn E [p, p, + h\, (p, h p tl 4) is an advertising equilibrium 
when A is defined by A = <$>(pn, H) - F„. 

Prooe: Let 

V(p) = [(1 + b)Mp. //) ~ /■'//] - F Mp. 1) + bMpt, I) - /•'/.]. 

Then 'V'ip) = (1 + 8 )x(/>, //) - x(p, L). As noted in the proof of 

proposition 1, x(p, H) ? x(p, L) when C K (x, II) « f,’ x (x, L) for all x. Thus, 
T(/c) is an increasing function of p, and A’(p) 5 0 if and only if p s 
that is, (14) holds at pn = p if and only if p 3= 

Since />" > pi., we have 

*(/>“) = td + h)Mp", H) - L//1 - \Mp", II) + L) - F,] 

< 1(1 + 8 )<t>(p", //) - /■„] - [(1 + bmp', L) - F, ] 

= 0 . 


Thus p > p° > pi., if p exists. 

We can now show that when 8 > 0, p exists and 'P(p) =* 0. When 
combined with the continuity of'L and the fact just demonstrated that 
< b, T(p) 3s b implies viral p exists. The inequality y V(p) 3* b and 
the monotonicity of 'L also imply that p 3= p. 

To establish the existence of p, we first observe that pi < p" implies 
that <i>(pi., H) + Sd>(/b", II) - I'n < 0. We now use the easily established 
fact that under our hypothesis on C(\ //), 4 >(/a II) becomes infinite as /> 
increases to infinity. Thus, there exists some p at which ctx/n IF 
8 <b(p, H) - h'n > 0. Since 4> is continuous, these facts imp 
exists. 

We begin the proof that M'(p) 3= Oby using the hypothesis o 
H) =£ C x (x, 1.) for all x, to conclude (again using an argumem 
the proof of proposition 1 ) that 

tip. H) ~ Mpi, H) » M1>, I-) - 4>(p/. /■). 

Inequality (16) is equivalent to 

|(1 + 8)4 Ap, II) ~ F,i 1 - [4>(/>/. //) + 84>(/>, H) - I'n | (1 _ ( 

5= [<J>(/>, /.) + 8tJ>(p/, L) - Fi] - ((1 + b)Wpi ■ IA ~ A;) 

fsing (3) and subtracting [(1 + 8 )<b(p. //) - F//] from both sides ol 
(17), we obtain 


-r Mpi.ll) + 8c|>(/>, //) - /•/,] ^ f4>(/>, /-) + 8 Mpi.l.) - /•;] 

(18) 


- |(1 + 8)4>(/;,//) - F,i]. 


'since p is defined by (13), the expression on the lef t side of inequable 
(18) is zero. The expression on the right is -'V(p). Thus. (18) implies 
that ty(p) 2 ? 0, so that p must exceed or equal p. 
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The fact that A 5= A now follows immediately from the fact that <f> is 
an increasing function of p. 

We have already observed that, given (4), (5) is equivalent to (14). 
Moreover, the monotonicity of 'i'(p) implies that (14) is equivalent to 
pn 5= p. Finally, p lt p is equivalent to (6) since 4>/, > 0. Therefore, we 
can conclude that when p < p t + h , (pn, p/ , A) is an advertis¬ 
ing equilibrium if pf, E [p, min (/>/. + li, p)} and A = <P(pn, H) - F/i. 
With A so defined, A s* A 2 ? A s? 0. 

When 8 > 0 and p n > p, (6) fails. We have already noted that when 
pn <_£, the monotonicity of 'P implies that (14) and hence (5) fails. As 
a result, pn values below p or above/)cannot be associated with adver¬ 
tising equilibria. If pi, exceeds pi + h, (he advertising equilibrium will 
fail to exist because there will be no buyers foi the high-quality goods. 

When 8 > 0 and (,\(x, L) > (\(x, //) for some interval of x values 
between x(p t ., L) and x(p, //), inequalities (16)—(18) are strict, so that 
'i'(p) > 0 and p > p. Hence there are multiple equilibtia. 

When (\(x, L) = <\(x, //) for all x, then (16)-( 18) become equalities 
and 'V(p) = 0 so that p = p. In this case, the equilibrium must be 
unique. 

If 8 = 0, then p can fail lo exist, even if t,\(x, L) > (\(x, II) for all x. 
The problem is that the difference between C\(-, L) and (\(-, II) may 
be so small that there is no p at which the extra profits, cj>(/>, II) - <|»(/», 
L), earned bv selling high quality rather than low, are sufficient to 
cover the additional fixed costs, F'n - F t , of producing high quality 
rather than low. If, however, there exists p sueh that A’(p) = [<)>(/>. II) 
- >$>(p, L)] - [Fn - F, ] » (1, then r P(/>'') < 0 and the continuity of T 
implies that p exists. When p dots exist, and p, + h > p, then p t < p'“ 
implies ( 6 ), while (4) and M ’Cpu) s 6 for all p,, ? p imply (5). Thus, any 
p,, on the interval )/;, p L + h j can be associated with an advertising 
equilibrium in which A — <p(pn, //) — A//. Q.F..D. 

Proposition 2 asserts that there are multiple advertising equilibria 
when high-quality producers have a marginal cost advantage over 
low-quality producers. F.ach of these advertising equilibria are associ¬ 
ated with a dif ferent level of advertising expense. This type of multi¬ 
plicity is characteristic of signaling equilibrium models. 

Note that, in the advertising equilibrium that arises when A = 

(5) holds with an equality and all low-quality producers are indif fer¬ 
ent about advertising. When, on the other hand, A = A, (6) becomes 
an equality and high-quality producers are indifferent about advertis¬ 
ing. In the case in which high- and low-quality producers face the 
same marginal cost curves, A must equal 4 = A, so that both (5) and 

(6) are equalities. In this “knife-edge” case, both high- and low-quality 
producers are indif ferent about advertising. 

As noted in proposition 1, this knife-edge case cannot give rise to 
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an advertising equilibrium if 8 = 0 , that is, if there is no second 
period in which all consumers are informed. Advertising equilibria 
are possible when 8 = 0 and when (.\(x, H) < (\( v, L) for all v The 
required conditions are that p exists and + It > p. I hese conditions 
will hold if the marginal cost advantage of high quality is sufficiently 
great over the range of outputs [\(pi\(p? + //./-)) I his ensure"- 
that 'i'ip/, + It) > 0 and hence that M r (f>) = 0 has a unique -<• 
with p < pi + It. Thus the hypothesis of a second peiiod in 
consumers are informed is not necessary lor the existence 
lising equilibria. High-quality produce!s must, howevei 
sufficient marginal tost advantage over low-(|uahtv prodtn- 

When 8 = 0 and //) < <\( x, l .) for all v, an advet tisu,_ 
liuin can he desciibed as in figure f. 

As indicated in figure 4, p/(A) and pn are the minimum ,i\ei.i_, 
cost levels associated with the low-t|iiality and high-quality tech¬ 
nologies, respectively, when A is included as a fixed cost. Note also 
• hat in figure 1 a minimum average cost reversal takes plate When 
advertising is included as a fixed cost. pi (A), the minimum average 
cost of producing low quality, exceeds pn, the minimum aveiage cost 
of producing high quality. This must be true because of the incentive 
compatibility condition (5) that guarantees that low-quality produce!s 
do not advertise. When, however, advertising is not included as a 
fixed cost, p,, the minimum average cost of producing low quality, is 
lower than p", the minimum average cost of producing high quality. It 
8 - 0 , the strong form of inequality f 8 ) can be interpreted as a 
necessary condition for the minimum average cost reversal. When 
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F x (x, L) s C x (x, H) for all x, this necessary condition cannot hold and 
the reversal cannot occur. If, on the other hand, C x (x, L) > C x (x, H) 
for all x, then the relatively high fixed cost, Fn, of high-quality pro¬ 
duction becomes progressively less important than marginal cost in 
the determination of the minimum average cost level as A increases. 
A is the advertising level and p is tire p t/ level at which reversal occurs; 
that is, at A, p, (A) = p,, = p. At A levels above A, we have the 
situation depicted in figure 4; that is, pi\A) > pn > p. 

In the remainder of this section, we derive some comparative static 
results that describe the effect of the discount factor 5 on p, p, A , and 
A. The discount factor can be interpreted as a measure of the impor¬ 
tance of future sales made to informed buyers. It is shown that as 
future sales become more important—that is, as 8 rises— p and p as 
well as A and A fall. This means that the amount of advertising and 
the price of high quality in the advertising equilibrium tend to de¬ 
crease as future sales to informed buyers become more important. 
This is to be expected, since cases in which virtually no sales are made 
in the first period can be identified with very large discount rates 8 .' 
In these cases, we would expect the price of high-quality goods to 
equal p", the minimum average cost of high-quality production. 

Proposition 3; Assume that C x (x, L) > C x (x, H ) for all x. When 8 > 
0 , ap/d 8 < 0 , flA/36 < 0 , dpld 8 < 0 , and dA/d 8 < 0 . 

Proof: Implicit differentiation of (12) and (13) yields 

dp _ 

db (1 + b)x(p,ll) - x(p,L)' ' 

and 

d P = _ 4>(^ n ) (2() ) 

as bx(p,H )’ 

As has been shown earlier, the numerators and denominators of both 
of these expressions are positive when C x (x, //) < f,' r (x, L) for all x. 
Since (4) implies that A and A rise with increases in p and p, we also 
have dA/db < 0, and dA/a 8 < 0. Q.E.D. 


III. No-Advertising Equilibria 

In an advertising equilibrium, prices are completely determined by 
cost conditions. When there is no advertising, however, supply and 
demand conditions interact to determine prices. In the no-advertising 


1 Mike Katz has pointed out to us lliat another effect is also at work here. Specific all', 
as 8 rises, fixed costs per period fall. This also tends to lower^i and ('■ 
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equilibrium, there are three markets in which supply must equal de¬ 
mand. In the second period, there are high- and low-quality markets 
as before. There are m u buyers in the high-quality market and they 
are supplied by the high-quality producers. There are rn, buyers in 
the low-quality market and they are supplied by low-quality produc¬ 
ers. In the first period, there is now a third market in which all 
producers sell at the same price to all m n + m t buyers. We now define 
pii to be the price in the high-quality market and pi' to be the price in 
the low-quality market. The price in the first-period market is de¬ 
noted by p n .' 

In order to define a no-advertising equilibrium formally, we first 
note that the zero profit condition for low-quality firms is 

<}>(/;„,/.) + 8 - l'i = <>. (- 1 ) 


and that the zero profit condition fot high-quality firms is 

<M/; U , //) + 8<f>(///), //) - F„ = 0. (22) 

When equilibrium is achieved in the low-quality market that meets in 
the second period, there will be »/ films each supplying x(pi, /,). and 
ii/ will satisfy the supply equal demand condition 

>i,x(pi'\ L) = »i,. (23) 

Similarly, equilibrium in the high-qualiiv second-period market te- 
quires that there be ti H firms, each pioduting.\(/i/). II) units, wlieie ■< 
satisfies 

nnx(pj).ll) = in,,. 

Finally, when supply equals demand in the first-period n 
and lit must satisfy 

n H x(p n , II) + ti,x(p„. /.) = mn + nil. 

Using the fact that it/ and n,, satisfy (23) and (24), respct inch. i 
tan be rewritten as 


x(p a , II) x(p,„ /.) 

— -~r, - + »ii -— - 

(pn< II) x(pi . /-) 


in a + in i. 


( 2 .')') 


Together, equations (21), (22), and (25') determine />„, pi', and pi). 
that is, a no-advertising equilibrium is a vector of prices (/>„, pi', p,)). 
tor which the inequalities pi) =& pi) =s pi' + h hold, and (21), (22). and 
(25') are satisfied. 


1 Allen (1983) provides ,i lornuilaiion ut .in c<|uilit>i mm uilhnui ads rinsing in \\1 ik h 
higli-qiialny films are lationed and pines seive as signals nt qualiu 
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Note that if ( p „, pj~, pj )) satisfied (21), (22), and (25') but pD ex¬ 
ceeded p/), we would not be able to interpret the vector of prices as a 
no-advertising equilibrium. In this case, all high-quality producers 
would prefer to sell at p‘p rather than pi) and total supply to the high- 
quality market would be zero, while supply in the low-quality market 
would be rti,x(pi', //) + n,x(pp, /.). Observe that if p" < p L , both high- 
and low-quality markets would be supplied by high-quality producers 
using the high-quality technology. Thus, we assume that p" exceeds p / 
throughout the discussion of this section, as we did in the discussion 
of advertising equilibrium in the preceding section. 

We now establish the following result: 

1’ropom i ion 4: For k > 0 sufficiently high, there exists a unique no- 


advertising equilibrium, (p, t , pj ". pj)), with 


pn > p„ > p?. 

(2b) 

p? < pi. < p„. 

(27) 

and 


Pa < P° < Pn < P 

(28) 


Rlmark: Inequality (2b) asserts that in a no-advertising equilib¬ 
rium, the lirst-petiod ptice obtained by ail sellers exceeds the price 
low quality sellers will obtain in the second period but is lower than 
the second-period price high-quality sellers will obtain. For the pur¬ 
pose of inlet preting inequality (27), it will be recalled that pi is the 
price that would prevail in the low-quality market in an advertising 
equilibrium (pi can also be interpreted as the minimum aserage cost 
ot low-quality producers). It is therefore also the price that would 
prevail in the low-quality market it all buyers were informed in both 
periods. Inequality (27) thus asserts that pp , the price received by low- 
quality producers in their second period of operation, is lower than 
their minimum average cost of production, p t . They are compensated 
for this by the fact that p„, the ptice they receive for their first-period 
output, exceeds the minimum cost of production p, . To intetprel 
inequality (28), we recall that p" is the minimum average cost of high- 
quality producers, and it would be the price prevailing in the high- 
quality market if there w'ere no informational asymmetries. The 
reader will also recall that p is the maximum price possible in the high- 
quality market in an advertising equilibrium. The first inequality in 
(28) therefore asserts that the first-period pt ice, p a , received by high- 
quality producers is below their minimum cost of production, p". The 
second inequality asserts that the second-period ptice, pj), received by 
these producers exceeds their minimum cost of production. The 
gains made by sales at pj) therefore compensate for first-period losses 
incurred because p" > p„. The final inequality in (28) guarantees that 
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the price charged by high-quality producers in the second period of 
the no-advertising equilibrium is lower than the highest possible high- 
quality price in an advertising equilibrium. Since the price charged in 
any advertising equilibrium always exceeds p", (28) also implies that 
the first-period price obtained by high-quality producers is less than 
the price charged in all advertising equilibria. 

Proof: Conditions (21) and (22) implicitly define/)/ - and pj), respec¬ 
tively, as continuous (in fact, differentiable) functions of p a . We de¬ 
note these functions as 

Pl = r, (/>„), (21') 

pi) ~ r n(p„)- (22 ) 


These can be substituted into (25') to define the lunction 


T( /)„) = )»// 


*(/)„■ H) 
x[ )//(/)„), H] 


+ mi 


x(p„. L) 
x[r,(p„), I \ 


- ; 


Thus, given (21) and (22), (25') is equivalent to l’(/)„) = 0. 
Since 


(1 4- &)<(>(/>", //) - F„ = Mp,.H) + 84>[r,/(/),), //] - F„ = 0, 
(1 + §)<(,(/),, L) - /■', = <J>(//', /.) +- 8<J>[r,(//"), /.] - I-, - I). 


and p" > pi , we must have r,,(p ,) > p" > p, and >,(p") < pi 
rn(p“) — p" and r t (p t ) = p,. 1 hese inequalities imply tli.>■ 


r (pi) = mu 


x(pi, H) 

x[r,i(pih H\ 


< 0, 


and 


r ip") = mi 


•v( /)", 1.) 

x|),(// ). /.] 


> 0. 


It is also easy to verify by implicit dif ferentiation that »//(/\,) < I* and 
r'i(pa) < 0 and to use these facts to show that !’'(/)„) exists and is 
positive. There must, therefore, exist a unique p„ between //' and p, 
satisfying I’(/)„) = 0. T his implies that (21), (22), and (25') have a 
unique solution. 

To establish that p„ cannot fall below/)/ - , we obsetve that if /)„ < pi' 
< pu , we would have 


*(/)„■ !■) 

x(/),\ /•) 


( 29 ) 


(p a . H) < j 
x(pu, II) 


and 
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so that the right side of (25') would exceed the left side. Similarly, 
when p lt exceeds /»//, the inequalities (29) and (30) are reversed and the 
right side of (25') is exceeded by the left side. Thus, p„ cannot exceed 
p) 7 . This argument proves (2fi). 

To prove (27), we observe that (21) and (3) combine to imply that 

<\>(p a ,L) + 5<j)(/>/ V , L) = (1 + m(p L .L). 

Since 4> is an increasing function of p and since we have already 
established that p a < p", this equality could not hold unless (27) held. 

To prove (28), we first observe that (22) and the definition of p" 
combine to imply that 

<t>(/>,„ II) + 8 <P(p? h H) = (1 + &)<{>(/>", H). 

Using once again the fact that <5 increases with p and the fact already 
established that p n < p", we note that this equality can hold only it />„ < 
p" < p/i. The fact that pu < p is a consequence of (13) and (22), which 
combine to yield 

<1 up,, II) + 8<i)(/L it) = 4>(A*, II) + H(pu. II)- 

Since we already know that p a > p, and since <J> is an increasing 
function, p must exceed pn. Q.K.l). 

IV. An Alternative Formulation 

Proposition 1 of Section II asserts that an advertising equilibrium 
cannot exist if marginal production costs are higher for high-quality 
than tor low-quality firms. In defining the advertising equilibrium, it 
was assumed that buyers ate perfectly informed in the second period 
about the quality of goods supplied by all producers. Consequently, 
advertising in the first period does not generate any repeat purchases 
in the second. 

In this section, we modify this informational assumption slightly 
to obtain an alternative formulation of Nelson’s argument. We 
specifically assume that high-quality buyers communicate perfectly 
with other high-quality buyers but do not communicate at all with 
low-quality buyers. Consequently, if a high-quality firm makes a sale 
to a high-quality buyer in the first period, then all high-quality buyers 
learn of that firm’s high-quality output. Furthermore, high-quality 
firms who sell to low-quality buyers aie not discovered by high-quality 
buyers. Thus, advertising by high-quality firms does generate repeat 
purchases by high-quality buyers, but first-period sales to low-quality 
buyers result in future sales to low-quality buyers. As discussed in the 
introduction, this feature of the model makes it a more appropriate 
representation of Nelson’s ideas. 
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As we shall see, this change in the informational assumption results 
in a higher return to advertising by high-quality firms. As a result, it 
will be possible to show that advertising equilibria can exist even if 
marginal production costs are lower for the low-quality technology. 
There will, however, be a limit to the marginal cost advantage that can 
be enjoyed by the low-quality firms. The restriction imposed by this 
limit will be reduced as 8 rises. Thus, if repeat purchases are very 
important in the sense that 8 is very large, then an advertising equilib¬ 
rium can exist even if marginal production costs are significantly 
lower for low-quality producers. 

We begin by describing the effect of the change in our informa¬ 
tional hypothesis on the conditions defining equilibrium. In fact, the 
only condition affected is (6), which can now be dropped as a require¬ 
ment for equilibrium. 

It will be recalled that under the informational hypothesis of Sec¬ 
tion II, condition (6) guaranteed that high-quality firms advertised. 
Under that informational hypothesis, high-quality buyers knew that 
they could always sell at p n in the second period even if they did not 
advertise. In the present section, that is no longer true. Consider the 
problem faced by a high-quality producer who must decide whether 
or not to advertise. If all other high-quality producers do advertise 
but be chooses not to, then virtually all high-quality buyers will be 
supplied by the other high-quality producers. As a result, the proba¬ 
bility is <tero that the nonadvertising high-quality pioduter makes a 
sale to a high-quality buyer. The probability is, therefore, one th r 
high-quality producer fails to establish a reputation for I 
among high-quality buyers. Thus, this producer will sell 
periods, and his profits will equal (l + 8 )Mpi > II) - I n 

(1 + 8//) - /•// < o. 

he will prefer to advertise. We now obscive that condition 
hold, since p / < p' ’ implies that 

(1 + 6)4>(/> 7 . //) - F„ < (1 + 8 )<$>(p°. ID - I'ii = 0. CU'I 

Thus, when p/ < p", and nonadvei tisers receive p, in both periods, an 
equilibrium is a pair of prices p t and p H and a positive advertising level 
A such that pn > pi 4 - li and (3)-(5) bold. We will refer to this new 
concept of advertising equilibrium as a Nelson advertising equilib¬ 
rium. The mathematical requirements for a Nelson advertising equi¬ 
librium are less stringent than those inherent in an advertising equi¬ 
librium. Specifically, since (6) no longer holds, it is now no longer 
necessary that <j>(/>„, //) - <}>(/>, , //) ‘ A. Thus, incqualitv (8) is not a 
necessary condition for the existence of a Nelson advertising equilib¬ 
rium and proposition 1 no longer applies. 
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Inequality (31') does, however, combine with (4) to imply 

(-pj-g)* < <M pn. //) ~ Mpt , //)■ (32) 

Since (3) and (5) continue to hold, we must also have 

Mpn.D ~ MPi,L)*A (33) 

as before. Using (32) and (33), we obtain 

Mpu. ") ~ <1>(/>#.. N) > (y—) IMP". L) - <Mp,, L)l (34) 

a weaker version of (8), as a necessary condition for a Nelson advet Us¬ 
ing equilibrium. Since 1/(1 + 8) < 1, this inequality can hold even if 
(8) fails. Using (34) and graphical arguments that parallel those used 
to establish proposition I, it is possible to prove an analogue of propo¬ 
sition 1 that asserts that there is a limit to how much C\(x, II) can 
exceed (\{x, L) if a Nelson advertising equilibrium is to exist. 

It is also possible to obtain an analogue of proposition 2 that asserts 
that when C y (x, II) is not too much larger than C\(*. /■), each pu 
between p and p, + h can be identified with a Nelson advertising 
equilibrium in which A — (1 +- 8)<j>(/>/,, It) - /•'//. As before, each pu 
above p will satisfy (14), which because of (4) is equivalent to (5). The 
need to restrict pu to be less than p is eliminated because (6) is not a 
condition imposed on a Nelson advertising equilibrium. Thus, a Nel¬ 
son advertising equilibrium will exist in all cases in which an advertis¬ 
ing equilibrium exists. In fact, when 8 > 0, a Nelson advertising 
equilibrium will also exist in cases characterized by C\(x, II) 3= C\(x, I.). 
as long as (\(x, H) - C y (x, L) is not “too large." A formal analysis ol 
these cases (which is not presented here) reveals that the constraints 
imposed on C\(x, II) — C„(.v, L) become less stringent as 8 increases, 
that is, as repeat sales become more important. For the extreme case 
of 8 = 0 in which there are no repeat sales, the two equilibrium 
concepts coincide. 

V. Conclusions 

Section II introduces an equilibrium concept in which apparently 
noninformative advertising signals quality. This equilibrium, which is 
called an advertising equilibrium, can be viewed as a formalization of 
the ideas of Nelson (1970, 1974, 1978). It is shown in proposition 1 ol 
Section II that an advertising equilibrium cannot exist if marginal 
costs are uniformly lower in the low-quality industry. Repeat pur¬ 
chases, which are central to Nelson’s argument, play a subsidiary role 
in an advertising equilibrium. Specifically, repeat purchases are nec¬ 
essary for the existence of an advertising equilibrium only when the 
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marginal costs of high- and low-quality production are the same. Fur¬ 
thermore, although advertisers do make repeat sales, these sales can¬ 
not be said to be the result of advertising. For these reasons, the 
advertising equilibrium of Section II is a less than faithful representa¬ 
tion of Nelson’s ideas. Thus, Section IV introduces a variant of the 
advertising equilibrium. In this variant, which is called a Nelson ad¬ 
vertising equilibrium, a slightly different informational hypothesis is 
employed to yield an equilibrium in which repeat purchases can be 
properly said to be caused by advertising. This feature makes it possi¬ 
ble to obtain Nelson advertising equilibria even if marginal costs are 
lower in the low-quality industry. 

We have chosen to analyze the advertising equilibrium of Section II 
in relatively complete detail. The analysis of the Nelson advertising 
equilibrium parallels the analysis of Section II. The parallels as well as 
the dif ferences are described in Section IV. For purposes of compari¬ 
son, a no-advertising equilibrium is described in Section III. 

As in other signaling models, the advertising and Nelson advertis¬ 
ing equilibria are, in general, nonunique. For example, in Section II it 
was shown that for each advertising level A in an interval [A. A] there 
exists an advertising equilibrium in which A is the amount spent by 
each firm on advertising. With each A in Ld, A], there is a cot re¬ 
sponding high-quality price pu in the interval [p. p |. As the amount .1 
required for entty to the high-quality market inc teases, pu tin re <■ 

Although we have not foc used on the welfare prop< i' 
equilibria, we can show that it is possible to Pareto rank i 
ria. l he exact argument depends, however, on the intu 
advertising. On the one hand, advertising can be viewed 
expenditure. In that case, the advertising equilibrium ,o- 
the lowest price for high quality and the lowest adveit. 

Pareto dominant. As advertising and the high-qualitv pra i 
quality buyers are worse off because they pay a higher puce lot , 
goods they buy. On the other hand, advertising can be interpreted as 
a transfer from firms to consumers. Under this interpretation, adver¬ 
tising is not wasteful. When advertising increases, the higher price 
paid by high-quality buyeis is used in part to pay for a tiansfer to 
other buyers. It is easy to show that the high-quality price rises by 
more than the amount required to pay for the advettising. hi other 
words, the presence of advertising implies that the high-quality pi ice 
must be above average production cost. Consequently, firms' pioduc- 
lion decisions are distorted away from average cost-minimizing lev els, 
and the equilibrium high-quality price must also cover higher produc¬ 
tion costs. Average production costs are positively related to the 
amount of equilibrium advertising. 

Formally, the increase in per firm revenues caused by the inc rease 
m A is (d/dA)(xp) — (x + x /l p)(dp/dA), where dpIdA is obtained by 
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implicitly differentiating (4). Thus, dp/dA = 1 /<p p = 1/* and 
( d/dA)(xp) = 1 + (xpp/x), where x^pfx > 0 is the elasticity of supply. As 
a result, (8/dA)(xp) > 1, and per firm revenues increase by more than 
the amount of the transfer A. So even if A is a transfer, the advertis¬ 
ing equilibrium associated with A and p is Pareto superior to other 
advertising equilibria. Even this advertising equilibrium is Pareto in¬ 
ferior to the equilibrium obtained when high-quality buyers begin 
with perfect information. In this equilibrium, A = 0 and high-quality 
buyers pay p". 

A welfare comparison of advertising equilibria with a no¬ 
advertising equilibrium is difficult and beyond the scope of this pa¬ 
per. However, there appear to be two competing effects. On the one 
hand, an advertising equilibrium results in a correct match of high- 
quality buyers witli high-quality firms, while a no-advertising equilib¬ 
rium does not. On the other hand, a no-advertising equilibrium has 
high-quality firms producing closer to minimum average cost. Which 
of these effects dominates appears to depend on how strongly high- 
quality buyers value high-quality goods. 
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A Simple Theory of International Trade 
with Multinational Corporations 
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Using the idea dial firm-specilit assets associated with marketing, 
management, and produc l-spec ilit R 4- 1) can he used to set sue 
production plants in countries other than the countrv in whit It these 
inputs arc employed, I develop a simple geneial equilibrium model 
of international trade in which the location of plants m a diffet- 
entiated product industry is a decision variable. 1 he model is then 
used to derive predictions of trade pallet ns, volumes ol tiade, the 
share of mtia-induslry trade, and the share ol intralnm tiade as 
(unctions of relative countrv si/e and diKeiences in lelalive lac tor 
endowments. 


I. Introduction 

The role of multinational corporations in the cotiduc 
trade has grovvii over time and has reached vetv large pi< 
the United Slates, for example, at the all-manufacturing i. 
national corporations accounted in 1970 (or 02 percent ol Use s, 

($22 billion out of $35 billion) and 31 percent of its impoits (S)u .> 
billion out of $31 billion) (see U.S. Tariff Commission 1973, p 322). 
It is therefore not surprising that the ramifications ol their existence 
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are of major concern to international trade experts. Nevertheless, 
there exists no well-articulated theory that explains the conditions for 
their emergence or predicts under these conditions a structure of 
trade that comes close to observed trade patterns. 

Existing general equilibrium theories of international trade have 
been developed without explicit treatment of the multinational corpo¬ 
ration. The discussion of direct foreign investment in Caves (1971) 
(and the work that followed from it) is an exception. There are many 
treatments of the multinational corporation in a partial equilibrium 
framework (see Caves 1982, chap. 2), but they shed only limited light 
on a central problem of trade theory, namely, the explanation of 
trade patterns. We are in need of a theory that desciibes conditions 
under which firms find it desirable to shift activities to foreign loca¬ 
tions and that is able to predict the pattern of trade that emerges 
under these conditions. Foundations of such a theory are proposed in 
this paper, with the following important features; (a) there are differ¬ 
entiated products, economies of scale, and monopolistic competition; 
and (b) there exist inputs (e.g., management, marketing, and R & D) 
that can serve product lines without being located in their plants. 

In this paper the theory deals with single product firms. I deal with 
horizontal and vertical integration in Helpman (1983/z). Firms max¬ 
imize profits and make, therefore, cost-minimizing location choices of 
product lines. This feature tilings about the emergence ot multina¬ 
tional corporations as a lesult of the tendency of factor rewards to 
differ across countries. Here the emphasis is on one source of pres¬ 
sure on relative fac tor rewards—differences in relative factor endow¬ 
ments. Transport costs and tarif fs are assumed away, so that produc¬ 
tion facilities are not established in order to save transport costs or in 
order to produce behind tariff walls. Other reasons for multinational¬ 
ity, such as tax advantages of various forms, are also not considered. 

Apart from describing in a general equilibrium system conditions 
under which firms choose to become multinational, (he theory pro¬ 
vides an explanation of trade patterns in which the multinational 
corporations play a central role. There is intersectoral, intra-industry, 
and intrafirm trade. The last trade component has become of major 
importance in recent years (see U.S. Tariff Commission 1978, cha|). 
8 ; Buckley and Pearce 1979). 

In order to bring out as clearly as possible the value added of the 
theory, simplifying assumptions are used throughout. The next sec¬ 
tion provides a description ofthe basic model. I he structure of an 
equilibrium in an integrated world economy is described in Section 
III. Then, in Section IV, the features ofthe integrated world equilib¬ 
rium are used in order to describe the relationship between factor 
endowments and trade patterns. The behavior of the volume of trade 
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is analyzed in Section V and the behavior of the shares of intra¬ 
industry and intrafirm trade is analyzed in Section VI. The last sec¬ 
tion is devoted to concluding remarks. 

II. The Basic Model 

For the purpose of the current study 1 employ a two-sector modified 
version of the now standard model of international trade in differ¬ 
entiated products. Preferences are assumed to he identical every¬ 
where and representable by a homothetic utility function u(Y, L\). 
where Y is the consumption level of a homogeneous product and 
U x = w*( - ) is die subutility level attained in the consumption of differ¬ 
entiated products. The function w v (‘) depends on the specification of 
preferences for a differentiated product; they can be, for example, of 
the Dixit and Stiglitz (1977) type or of the Lancaster (1979) tv pc (see 
Helpman [1983m, sec. 8] for a description). In both cases a demand 
function facing a producer of a single variety can be derived; in the 
Dixit-Stiglitz case this demand function is of the constant elasticity 
type (assumed to be larger than one), while in the Lancaster case its 
elasticity depends on commodity prices and the nurnbei of varieties 
available to consumers (and this elasticity is always larger than one). 

It is assumed that there are two factors of produc tion; labor. /.. and 
a general purpose input. //. whose special role in the production of 

differentiated products will be explained below. The homogem.- 

product is produced by means of a standard linear lim 
production function with the associated unit cost functn 
where u>, is the reward to factor /. A producer of the !■ 
product has to employ all inputs in the same location. In > 
equilibrium the price of the homogeneous pioduct, taL 
numeraire, equals unit costs; 

1 = < y ( h -, . ic H ). 

The structure of production of differentiated ptoducts is more 
complicated. A firm that wants to produce a given \aiictv has to hire 
the general purpose input // and adapt it at a cost in order to make it 
suitable for the production of this variety. Once adapted, the input 
becomes a firm-specific asset in I he sense used by Williamson (1981), 
and it is tied to the entrepreneurial unit. However, this firm-specific 
input can serve many plants and it need not be located within a plant 
in order to serve its product line. In particular, it can serve plants that 
are located in different countries (see Hirsch [1976] for a similar 
assumption). Inputs that fit this description are management, distri¬ 
bution, and product-specific R Sc D. l he importance of this type of 
asset in the operation of multinational corporations is described in 
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Caves (1982, chap. 1). Clearly, in practice, combinations of inputs are 
required in order to generate such assets; here this aspect is simplified 
by assuming that only H can serve this purpose. 

Let l(x, hy) he the quantity of labor required to produce * units of a 
variety of the differentiated product in a single plant when h x units of 
II have been adapted for its particular use. A possible form for this 
function is /=/,,+ gi(x, /i.v), where j t , > 0 and gi(-) is positively linear 
homogeneous. Here J t , generates a plant-specific fixed cost and the 
variable cost component exhibits constant returns to scale. More gen¬ 
erally, I assume that /(•) is the inverse of an increasing-returns-lo-scale 
production function in which h x is essential for production. Let also 
g(u';, re/,, h x ) be the minimum costs required in order to adapt h x to 
the desired variety, where g(-) is associated with a nondecreasing- 
returns-to-scale production function. Then the firm’s single plant cost 
function is 

C x (Wf., w„, x) = min [tc,./(.v, h x ) + g(re,„ w„, h x ) + w„h x ]. 

'['his f unction obviously has the standard properties of cost functions 
associated with incrcasing-returns-to-scafe production functions. One 
can also define cost functions for larger numbers of plants. The point 
worth noting, however, is that the firm or corporation has fixed costs 
that are corporation specific but not plant specific (they consist of 
hiring h x and adapting it), it has plant-specific fixed costs, and it has 
plant-specific variable costs. The assumption that /(•) is the inverse of 
an increasing-rentrns-to-scale production function implies that it pays 
to concentrate production in a single plant unless there are transpor¬ 
tation costs or differences across location in product prices. Since 
impediments to trade are not considered in this paper, the single 
plant cost function described above is relevant tor what follows. All 
varieties have the same cost structure. 

It is assumed that there is Chamberlinian-type monopolistic compe¬ 
tition in the differentiated product sector. Hence, as is well known, in 
this case firms equate marginal revenue to marginal costs and free 
entry brings about zero profits in every firm. In a symmetrical equilib¬ 
rium these two conditions can be written as: 

px = Cx(w r , xv, i, x) (2) 

and 

R(p, n) = 0(w,., xvu, x), (3) 

where p is the price of every variety of the differentiated product; R(‘) 
is average revenue divided by marginal revenue, and it measures the 
degree of monopoly power (it is a constant under the Dixit-Stigliu 
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specification of preferences); n is the number of varieties available to 
consumers; and 0(-) is average costs divided by marginal costs, using 
C x ('), and it measures the degree of returns to scale in the production 
of differentiated products (see Helpman 1981). 

The formal conditions of industry equilibrium (I)—(3) that were 
described above are identical to the conditions used in existing models 
of trade in differentiated products (see Helpman 1983a). The impor¬ 
tant difference lies in the interpretation of the technology available to 
corporations in the differentiated product industry. As in most trade 
theory I will assume that factors of production do not move across 
national borders. However, because of the technology available in the 
differentiated product industry, the firm-specific asset h x can serve 
product lines in plants that are located in countries other than the 
country in which h x is located, and the specificity of h x implies that 
arm’s-length trade in its services is an inferior organizational fotrn to 
an integrated firm (see Klein, Crawford, and Alrhian 1978). This is 
precisely the feature that brings about the emergence ol multina¬ 
tional corporations. We will call the country in which h x and the 
entrepreneurial center are located the parent country ol the cor pora- 
tion and the country in which the subsidiary is located tltP^F= 
country. //.. 

III. Equilibrium in an Integrated World Economy 

As a first step toward the study of international trade In 
mies of the type described in the ptevious sections, I d< 
section the symmetrical equilibrium of an integrated w<>' 

The features of the integrated world economy will th< ' 
identify patterns of cross-country distributions of the wot 
ment of labor and the H f actor, which generate certain u ." 
and volumes of trade. This particular link prov ides \aluah 
tion because differences in factor endowments tan he .ism .. 
differences in relative country si/e and di!Terences in it la...- 
endowments, two variables that play a major role in etnpiru al -an..,. 

We will study trade patterns and volumes ol trade lot a b\cd-si/e 
world economy. 

In a symmetrical equilibiium of an integiated world economy fac¬ 
tor prices are the same everywhere, and all the corpotations that 
operate in the sector that produces differentiated products have a 
similar structure; every corporation produces one variety, but there is 
no overlap in varieties produced by two different corpotations. they 
employ the same quantity of the H factor and the same quantity of 
labor; they charge the same price tor every variety and produce the 
same quantity of each one of them. Free entry into the industi v hi ings 
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profits down to zero. The number of corporations n is treated as a 
continuous variable. This is a reasonable approximation when n is a 
large number. 

Apart from (1)—(3) the equilibrium conditions consist of equilib¬ 
rium conditions in factor markets and in commodity markets. I'he 
equilibrium conditions in commodity markets depend on the speci¬ 
fication of preferences, and we will not present them because no use is 
made of them in what follows (for an example see Helpman 1981). It 
is only important to remember that the upper tier utility function 
u(Y, U x ) is homothetic. The equilibrium conditions in factor markets 
are: 


«/>(«’/, Wj/)y + A/\(u w„, x)n = L, (4) 

«//>•(«'/.. «'//).V + A,/*(«', , ui H , x)n = II, (5) 

where «,>-(uv, u 1 //) = u>//)/du'„ i = L, II, is the cost-minimizing 

input of factor i per unit output of the homogeneous product; A,\(u>/, 
u>n, x) = d€\(u '/., u'h , x)/du'„ i = L, //, is the cost-minimizing input of 
factor i in a representative corporation in the differentiated product 
industry, and /, and II are the total quantities of labor and the II 
factor available. The quantity A,, x (-) consists of li\ plus any other 
quantity of // that might be required as an input in the process that 
converts h\ into a firm-specific asset. Condition (4) assures equilib¬ 
rium in the labor market, and (5) assures equilibrium in the // market. 
Conditions (l)-(5) plus an equilibrium condition in commodity mar¬ 
kets (e.g., that the demand for Y equal its supply) determine the 
equilibrium values of factor rewards (tr, and Wn), the price of differ¬ 
entiated products (p), the output level of a single variety of the differ¬ 
entiated product (x), the output level of the homogeneous good (•»)■ 
and the number of corporations in the differentiated product indus¬ 
try («), which equals the number of varieties available to consumers. 

For what follows 1 make the natural assumption that in this equilib¬ 
rium the homogeneous product is labor intensive relative to the dif¬ 
ferentiated product; that is, 

fi/.r > A/ y 

«//)' A,,x 

Under this assumption the equilibrium distribution of employment 
across sectors can be described by means of figure 1. The vector OE 
represents the endowment of factors of production, the vector OQ 
represents employment in the differentiated product industry, while 
OQ' represents employment in the homogeneous good industry. The 
line BH' represents an equal factor cost line; its slope equals relative 
factor rewards. It is tangent to an isoquant of the homogeneous good 
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11 factor 



at its intersection point with ()()'. At the intersection of BB' with OO 

the equal factor cost line is also tangent to an isoquant, hut one <>l 1 

different nature. This isoquant can be recovered from tin 

lion by means of die set {(L\, // v ) | 3(«y, u ' n ) > 0 such if 

[Aix{w/, w/i, v), A//\(u’/ , u'n, a)]}. This is the collet lion 

makes possible the production le\el of a single corpoiati' 

be represented by a regularly shaped isoquant, labeled >> 

1. Now draw an entire family of isoquants bv a radial e- 
contraction of this single corporation isoquant, F'.veiv iv>q 
family represents a different number of corporations, cquahv - 
on a ray from the origin. Thus, at the intersection of BB' with (CQ 
there is an isoquant belonging to this family that is labeled u - n‘ 
Because of its definition this isoquant is tangent to BB'. 

Finally, observe that using the single corporation isoquant wc can 
calculate the number of corporations that can operate in cquilibi ium 
with inputs represented by a point on OQ b\ dividing the distance of 
the point from the origin by ()F.\. In a similar wav die output of the 
homogeneous good that is obtained in equilibiiutn bv an input combi¬ 
nation represented by a point on OQ' can be calculated by dividing 
the distance of the point f rom the origin by OEy. I his completes the 
description of the integrated world equilibrium that is necessary foi 
what follows. 
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IV. The Pattern of Trade 

In the standard Heckscher-Ohlin two-country, two-good, two-factor 
model in which there are no factor intensity reversals and preferences 
are homothetic and identical across countries, the set of endowment 
allocations can he divided into two subsets. In the interior of one 
subset there is factor price equalization and no specialization in pro¬ 
duction, and every country exports the good whose production makes 
relatively intensive use of the factor with which the country is rela¬ 
tively well endowed. In the interior of the other subset every country 
pays a lower reward to the factor ot production with which it is rela¬ 
tively well endowed and a higher reward to the other factor of pro¬ 
duction, at least one country specializes in the production of the good 
which is a relatively heavy user of its cheaper factor of production, 
and the pattern of trade is the same as in the former subset. If figure 2 
(which is a box-diagram reproduction of (ig. 1 with Oj representing 
the origin for country j) were to describe feasible allocations across 
countries for a standard Heckscher-Ohlin type economy, then the set 
with factor price equalization would be represented by OiQOvQ' and 
the other set by its complement. 1 


1 Sec Dixit and Norman (1980, chap. 4), who also deal with a case in which there is 
factor intensity reversal. 
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The pattern of trade that emerges in the present model is much 
richer than described above. It is useful to describe it by starting with 
intercountry factor allocations in die set (),of figure 2. Because 
of the symmetry in structure it is sufficient to analyze endowment 
points above the diagonal (>\Oy. this way country 1 is the //-factor rit h 
country while country 2 is the labor-rich country. Allocations in this 
set were analyzed in Helpman (1981). 

Take, for example, the factor endowment point E in figure 2. This 
point describes an allocation (/.', //’) of labor and the // factor to 
country 1 and an allocation (A 2 , // 2 ) of labor and the H (actor to 
country 2. It is straightforward to see that with this world structure 
there is an equilibrium with factor price equalization whose cross¬ 
country aggregation looks the same as the integrated world equilib¬ 
rium described in the previous set lion. In this equilibrium corpora¬ 
tions based in one country have no incentive to open subsidiaries in 
the other country in order to locate product lines there. Assuming 
that under these circumstances all operations ot a corporation are 
concentrated in the parent country, the output level of the homoge¬ 
neous product in country ] and the number of corporations in the 
differentiated product industry in that country can be solved from 
the following factor market equilibrium conditions: 

any 1 + = U, (b) 

a,ivy 1 + A u\ ni — If- ' 71 

Here the input-output coefficients m the homogeneous p* 
tor and labor and //-factor use per corporation in the du 
product industry ate taken front the equilibrium of tlu 
world economy, because factor pi ices, product prices, and 
variety are the same in both cases. This is indeed an equtli' 
solution of ( n 1 ) from (Ci)—(7) is nonnegative lor / = 1,2 . 
of course, the case for every point in ()\Q()>, as is demonsti ,tu ,, 
broken-line parallelogram drawn from the particular E in hguu J 

Now observe that because profits are zero all income is factor in¬ 
come. Hence, by drawing through E a line llli' whose slope is u/'w,,, 
we show the cross-country income distribution. Relative incomes can 
be read off as follows: Let (■ be the intersection point of Mi' with the 
diagonal 0|0 2 . Then the relative income of country I is 0,/. divided 
by C. 0 ‘ 2 - In fact, by a proper choice of units, O t C tepicsents the income 
level of country 1 and CO, represents the income level of countiv 2. 
Since both countries have the same spending pattern, counti v 1 con¬ 
sumes a proportion s' of the world's output v, where a 1 is its share in 
world income. Hence with a line through C. parallel to H|(/ its coro- 
sumption of the homogeneous product can be represented by 
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where C y is the intersection point of this line with 0 t Q'. Since produc¬ 
tion y 1 is represented by 0\Py, country I imports the homogeneous 
product. Finally, since trade is balanced, this means that country I is a 
net exporter of differentiated products. 

I have shown that in the set of factor allocations OiQO-> the intersec¬ 
toral pattern of trade is the same as in the Heckscher-Ohlin model. 
Here, however, there is also intra-industry trade in differentiated 
products. Country j produces n' varieties of the differentiated prod¬ 
uct and it exports them to its trading partner. Hence, the pattern of 
trade that emerges is the same as in the models of trade in differ¬ 
entiated products that were developed in recent years. To summarize, 
for factor endowments in the set ()\Q_() , free trade generates no incen¬ 
tive for the formation of multinational corporations. The structure of 
uacle is the same as in recent models of trade in differentiated prod¬ 
ucts; the intersectoral trade pattern is explained by differences in 
relative factor endowments while intra-industry trade is explained by 
monopolistic competition in differentiated products. 

The theory proposed in this paper takes on interest because it can 
identify and analyze the implications of circumstances in which corpo¬ 
rations find it profitable to establish subsidiaries abroad. This theory 
associates multinational corporations with the ability of firms to ex¬ 
ploit cross-country differences in factor prices by shifting activities to 
the cheapest locations. Generally speaking, this theory can be applied 
to differences in factor prices that result from many different sources 
However, in what follows it is applied to potential differences in fac¬ 
tor rewards that arise from dif ferences in relative fat tor endowments. 

It is clear from conventional theory and from the previous discus¬ 
sion that factor endowment points above 0\Q()> lead to unequal fac¬ 
tor prices if firms have to employ all factor inputs in the same country. 
Suppose that under these circumstances the // factor is cheaper in 
country 1 and labor is cheaper in country 2. Now consider what 
happens when a corporation need not employ all labor and // at a 
single location; for simplicity also assume that no labor is used in the 
process that adapts h\ to the particular variety produced by the corpo¬ 
ration. Clearly, under these circumstances corporations wish to 
choose country 1 as their parent country and they wish to open sub¬ 
sidiaries in country 2. I hese desires reduce the demand for labor in 
countiy 1 and increase it in country 2, and they increase the demand 
for the // factor in country I and reduce it in country 2. An equilib¬ 
rium is attained when either factor prices are equalized or country 1 
becomes the parent country of all corporations (with unequal factot 
prices all // producing differentiated products are located in the // 
cheap country). When factor price equalization obtains, there ate 
many equilibrium configurations with various degrees of foreign in- 
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volvemem of the corporations in the differentiated product industry 
just as there are man y conhgurations in the factor price evaluation 
set OiQO a . In the ldttei case, factor puce equalization is achieved 
without invoking the possibility that co,potations can decentralize 
their activities geographically. In the case under c urrent examination 
factor price equalization can be achieved because companies ran de¬ 
centralize their activities geographically. There are many ways in 
which the decentralization can he made consistent with equilibrium. 
1 he rule to be adopted below is to consider equilibria in which 
foreign labor employment is as small as possible, which amounts to 
considering equilibria with the smallest number of multinational cor¬ 
porations. 1 


Start by considering factor allocations that are in the set (),D0 of 
figure 2. I argue that endowment points in this set lead to equilibria 
witlt factor price equalization and the emergence of multinational 
corporations (1 maintain in the figure the assumption that labor is not 
used iu the adaptation process). Clearly, lor endowment points in this 
set there are no equilibria in which factor prices are equalized, and 
every firm employs its factors of production in a single location. 
Hence, multinational corpotations have to emerge. The only question 
that remains, therefore, is whether their emergence brings about fac¬ 
tor price equalization. Take, for example, the endowment point I-'.' in 
figure 2. If all the resources of country I are employed in the produc¬ 
tion of differentiated products and its corporations employ m ■' 
Foreign country the amount of labor E'E'„„ where E',„ is if 
tion point with Oj(> of a horizontal line drawn through 
aggregate world equilibrium corresponds to the equihln 
integrated world economy. In this discussion E' is the 1 
point and E' m is the employment point. The existence ol n 
cor porations enables the employment point to differ from 
ment point. The distance ()\E represents the numbci m , 
tions that are based in country 1 (w 1 ) and the distance icpu sm - 
the number of corporations that are based in country 2 (n~) (the total 
number is the same as in the integrated world equilibrium) Mote 
precisely, sincey 1 = 0 and y 2 = y. the number ol corporations that are 
based in country j, n J , and the employment of labor in country 2 by 
subsidiaries of country 1—based multinationals,//, are obtained from 
the following factor market clearing conditions: 


A / \ ti [ — /.* + //, d[ \ y + A1 x ir — E~ — //. (N) 


Au\n l = // 1 , a, n y + A11 yn 2 = // 2 - ( 9 ) 


1 tiis (hone ran lie justified .is .1 lon^-iiut ctjiiilihi mu) ol ,1 din.aim .idjiisiiiirni 
pioicss ill wtiirli it is costly id slult plains aliinad. 
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However, the number of varieties produced in country j does not 
equal id; the number of varieties produced in country 1 is smaller 
than n* and the number of varieties produced in country 2 is larger 
than tr. The precise difference depends on the size of the labor force 
U employed by subsidiaries. In fact the number of varieties produced 
in country ;, AT, j = 1, 2, is 

M' = »' - , M 2 = n 2 + 

A i,x Ajx 

To summarize, we have seen that endowment points in the set 
bfi/JQ lead to an equilibrium with factor price equalization and the 
emergence of multinational corporations. Under my assumption 
about locational tendencies of corporations, in this set country 1 
specializes in the production of differentiated products and it serves 
as a base for the multinational corporations. Country 1 imports the 
homogeneous jiroduct, and there is intra-industry trade in differ¬ 
entiated products. Part of the intra-industry trade is carried out by 
multinationals, ft is also easy to see that the set ()]DQ can be divided 
into two subsets such that in one subset country 1 is a net exporter of 
differentiated products and in the other subset country 1 is a net 
importer of differentiated products. Finally, there exists intrafirm 
trade whose nature is discussed below. 

The existence of intrafirm trade is, of course, well documented in 
the empirical literature (see, e.g., U.S. Tarif f Commission 1973, chap. 
2: Buckley and Pearce 1979). This takes the form of imports of the 
parent firm from its subsidiaries as well as exports of the parent firm 
to its subsidiaries. Much of this trade stems from vertical integration 
with whic h one cannot deal satisfactorily by means of the framework 
employed in this study, but which can be dealt with in a proper exten¬ 
sion (see Helpman 19836). However, there is one genuine component 
of intrafirm trade that is well represented by this model, namely, the 
invisible exports of the parent to its subsidiaries of services of the // 
input. Observe that because of the zero-profit condition (2) labor costs 
are lower than the revenue obtained from sales. T his means that the 
multinational corporation is making “profits” in its subsidiary, be¬ 
cause the subsidiary hires labor only in the host country. This means 
that the profits of the subsidiary are just sufficient to cover the costs of 
the // input, which is hired in the parent country. The difference 
between revenue and labor costs of all subsidiaries is \xpx — WflJ. 
where p = lJ/A t x is the number of multinational corporations. This 
can be considered to be either profits repatriated by the parent firms 
or payments by the subsidiaries for services rendered by the parent 
firms. From an economic (joint of view the second interpretation is 
the approjjriate one. Hence, \xpx — wjl represents intrafirm trade. 

In order to proceed with the analysis of trade patterns figure 3 
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reproduces the basic features of figure 2 and contains ,1 timber divi- 
sion of the set above OiQO?. Now consider endow mem points in the 
parallelogram O^QDF. Following the discussion of endowment | 
in the set O t DQ it is clear that endowment points in () ■()'. 
equilibria with factor price equalization and multinati 
lions that are homomorphic to the integrated world ei ( 
riuin. Thus, if E is the endowment point, then is a lea 
merit point when the techniques oi production ol th 
world equilibrium are used, and EE,„ repiescuts labor ee 
country l-based multinationals in countiy 2. It is also 
figure 3 that endowment points in the set DIE can have no eqie 
with factor price equalization, for in order to use the integrated win Id 
equilibrium production techniques country 1 has to emplov in toun- 
try 2 a quantity of labor larger than total employment requited in the 
differentiated product industiy. i bis cannot take place, because onh 
in this sector can corporations shift activities to other countttes. 
Hence, for endowment points in the set DIE. all cm pot ations that 
produce differentiated products are based in counttv 1 and all prod¬ 
uct lines are located in country 2. ’ Country I exports services ol the II 
input and imports all the differentiated products from country 2. It 
may import or export the homogeneous product. 

this i> nctessanly .so when production tv liomoihetu ll seems ih.u llie leveise 
pattern of specializatiqp is possible in llie absence ol bomolheluin 
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Returning to endowment points in the set O^QDF, observe that 
there are two possible patterns of trade depending on the location of 
the endowment point. For the endowment point E and the emjiloy- 
ment point E m , country 1 imports the homogeneous product as well as 
varieties of the differentiated product that are produced by its sub¬ 
sidiaries, and it exports the other varieties as well as services of the II 
input. The only part of this assertion that requires elaboration is that 
country 1 imports the homogeneous product. This can be seen as 
follows. Let BB' be the equal cost line that passes through E. Then its 
intersection |x>int with the diagonal 0 \O- 2 , that is, point C, represents 
each country’s income level. Draw through C a line parallel to 
and let C.y lie its intersection point with O^C). Then 0/Y represents the 
consumption level of the homogeneous product in country 2 while 
0>E m represents the output level of the homogeneous product in 
country 2. Hence, country 2 exports the homogeneous product and 
country 1 imports it. It is clear from figure 3 that the same pattern of 
trade emerges for all endowment points on BB' that belong to O^QDF. 

Now consider endowment points in O^QDE that lie on B (} B' () . For the 
distribution of income represented by this line t he consumption of 
the homogeneous product is represented by 0/,'y (constructed in the 
same way as above). It is clear, however, that only at endowment 
points below Go does country 2 export the homogeneous product, 
while at endowment points above G,, country 1 exports the homoge¬ 
neous product. At point Go (as well as at point G) there is no trade in 
the homogeneous produc t. Generally, at endowment points that ate 
in O^QDF but below G() >, the pattern of trade is as the one described 
for point E. On the other hand, at endowment points that belong to 
0 2 QDF but are above GO>, country I exports the homogeneous prod¬ 
uct as well as services of the // input and some varieties, while country 
2 exports only varieties that are produced by subsidiaries of country 
I-based multinationals. A further division into subsets in which 
country I is a net exporter or a net importer of differentiated prod¬ 
ucts is also possible. 

We have identified five sets of endowment distt ibutions relevant lor 
the study of trade patterns (OjQO-j, O t /)Q, () >0/)G, 0,GF. and DIF). In 
four of them the equilibrium requires the existence of multinational 
corporations. Overall, they represent a rich collection of trade |>at- 
terns with features that seem to fit reality better than those provided 
by existing trade theories. 


V. The Volume of Trade 

I have described in the previous section possible trade patterns and 
how they are related to the distribution of the wot Id’s endowment of 
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factors of production. As is clear from the partition of the endow¬ 
ment set into subsets in which certain patterns of trade obtain (see lig. 
3), the pattern of trade depends on two factors: (<i) relathe counttv 
size in letins of GNP and ( b ) the difference in relative f'acioi endow¬ 
ments. For example, if country f is relatively small and has a relattvelv 
high endowment of the // factor, then the endowment p<■ 

0\DQ_, there exist multinational corporations that are 1 
1 , country 1 exports differentiated products and nr 
to its subsidiaries, and it imports differentiated prod 
mogeneous good. Differences in relative factor enclo- 
relative sizes of tlie countries are observable ecom" 
major interest. I provide, therefore, in this section a cii 
effects that these two variables have on the volume <>1 >... 

findings are summarized hv figure 4 in which the allows ... 

directions in which tlte volume of trade inc teases. 

Start by considering endowment points in the set 0\Q()>. In this 
region there are no multinational corporations. The volume of ti.ule 
is defined in the usual way as the sum of exports, where the- summa¬ 
tion is over countries and sectors. Because of balanced nude, this is 
equal in a two-country world to twice the exports of one of the coun¬ 
tries. In this set country I exports only differentiated ptoducts. so 
that the volume of trade is: 


V' = 2 pxirM' for E G 
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where A4 1 is the number of varieties produced in country 1 and ,5 2 is 
the share of country 2 in world income. Hence, for fixed relative 
country size the volume of trade increases with the number of varie¬ 
ties produced in the //-factor-rich country, and for a fixed number of 
varieties produced in country 1 the volume of trade increases with the 
relative size of country 2. Since M 1 is fixed on lines parallel to 0 2 Q, the 
arrows inside the set 0 t Q0 2 and on 0 2 Q in figure 4 describe directions 
in which the volume of trade increases. 

On the diagonal 0\() 2 we have M 1 = s l M, where M = n is the 
number of varieties produced in the world economy. Upon substitu¬ 
tion into (10a) this yields: 

V = 2pxMs ‘.r for E E 0\0 2 , (10b) 

implying that the volume of trade is largest when the countries are of 
equal size and is smaller the more unequal the size of countries. This 
is also described by the arrows in figure 4. 

On the line O iQ we have pxM 1 = s'Z, where Z is world income and 
spending and M l = w*. Hence, upon substitution into (10a): 

V = 2ZsV-’ for E E ()\() (10c) 

and the volume of trade rises the more equitable is the world's distri¬ 
bution of income. In figure 4 country 1 is of smaller size than country 
2 at endowment points on 0,Q (which is, of course, not always the 
case); therefore the volume of trade increases in the northeastern 
direction as indicated by the arrow. The behavior of the volume of 
trade in the set O , Q0 2 described above is a generalization of proposi¬ 
tions 5 and fi in Helpman (1981). 

For endowment points in 0,Z)£f country 2 exports the homoge¬ 
neous good and A4 2 varieties of the differentiated product. Some of 
the varieties it exports are produced by country 2-based firms while )x 
of them are produced by subsidiaries of country 1-based multina¬ 
tional corporations. The same trade pattern exists in 0 2 QI)G, except 
that in this set all the varieties exported by country 2 are produced by 
country 1—based multinationals (i.e., M 2 = p). This means that the 
volume of trade can be represented as follows: 

V' = 2(v 2 - F 2 + pxs 1 M 2 ) for E E (O t DQ_) U (0 2 QDG). (11) 

For endowment points in ()\DQ the homogeneous product is pro¬ 
duced only in country 2, so that y 2 = y. Also, since F 2 = ,s 2 y = (1 - 
a 1 )jy, upon substitution into (11) we obtain: 

V = 2.s'(y + pxM 2 ) for E E O x l)Q. (12) 

This means that when the relative country size is given the volume of 
trade increases with the number of varieties produced in country 2, 
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whereas when the number of varieties produced in country 2 is given, 
the volume of trade increases with the relative si/.e of country 1, as 
shown in figure 4. 

At endowment points in the set O^QDG all the varieties exported by 
country 2 are produced by subsidiaries of country 1 -based multina¬ 
tionals; that is, Af 2 = p. Also Y 1 = s 2 y and v 2 Z = y 2 + uy pA/ v , where 7. 
= pxn + y. Combining these with (11), we obtain: 

V — 2[(1 — s 1 )pxn + /wcpfs 1 — G/ v) J for E €E OjQDG, (13a) 


where 0 /v is the share of labor costs in the production of differ¬ 
entiated products. Hence, when the relative country si/.e is given the 
volume of trade increases with the widening of the difference in 
relative factor endowments (with p) if and only if (he share of country 
1 in world income exceeds the share of labor costs in the differ¬ 
entiated product industry. The arrows in 0 2 QI)G that indicate the 
increase in the volume of trade in the northwestern direction (see lig. 
4) are drawn on the assumption d > 0/y (which always holds for 
endowment points close to 0 2 ). It is also clear from (13a) that gi\en p 
the volume of trade decreases as the relative si/e of country 1 in¬ 
creases. However, p is constant on lines parallel to ()>(7 therefore, 
the volume of trade increases in the southwestern direction as indi¬ 
cated by the arrows drawn in region ()-,QIX> and on DC,. Finally, on 
O-iG we have A/ 2 = p, y 2 = Y~ — rv, and \ ’Y. = y + u; p.l/ y, whic h 
yield upon substitution into (11): 

1 s~px(Z - y) 


V' = 


«’t A/.x 


tor A' G (> ■< 


implying that the volume of trade declines the mm 
tries are in relative si/.e. This is indicated by the arrow 
It remains to consider endowments in ()/,C In ih 
2 exports only differentiated products produced I'' 
country I—based multinationals, and the volume ol n.uu 

V = 2/m 1 p for /•; £ (),C.l\ (It) 

implying that for given p the volume of trade rises with the ii lame 
size of country 1 and that forgiven relative country si/e it uses with p 
On 0->C p is proportional to .r, which makes (he volume of Made 
larger the closer the endowment is to h' (because on O F. c 1 >") 
These features are also represented by arrows in figure 4 
In summary, figure 4 represents a fairly detailed description ol the 
relationship between factor endowments and the volume of Made. It 
shows that in some sense the larger the difference in relative factor 
endowments the larger is the volume of trade. O 11 the other hand, 
relative country si/e has an ambiguous ef fect on the volume of Made. 
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VI. Intra-Industry and Intrafirm Trade 

In this section I investigate the dependence of the shares of intra¬ 
industry and intrafirm trade on cross-country differences in relative 
factor endowments. lit all cases, except for region 0\QO the investi¬ 
gation is restricted to fixed relative sizes of the two countries. 

The volume of intra-industry trade is defined as the total volume of 
trade minus the sum over all sectors of the absolute value of the 
difference between imports and exports. In the current model (his 
reduces to 


V, , = 2f>x min {s'M 2 , s 2 M 1 ). (15) 

The definition of the volume of intrafirm trade is more complicated. 
F.xports of the parent firms of services of the // factor are undoubt¬ 
edly pait of this volume of trade. The problem arises with the treat¬ 
ment of the finished differentiated products. If parent firms serve as 
importers of the finished products manufactured by their sub¬ 
sidiaries, then this appears in the data as intrafirm trade, and similarly 
if subsidiaries serve as importers of the dif ferentiated products manu¬ 
factured by parent firms. In some cases the treatment of these flows of 
goods as intrafirm trade has no economic justification because it is 
more the consequence of bookkeeping practices than a true economic 
calculus. In the present model there is no natural choice—much de¬ 
pends on the iinplicit assumptions about the marketing technology. I 
thoose, therefore, to define intrafirm trade as trade in the set vices of 
the // iactoi. Hence, 


1 ', ! = px\x - xv,.1! - r/|x. (Ifi) 

where a = W/iA/ix > 0. 

For endowment points in O |(40 2 we haves \V / 2 < $ 2 M l , so that using 
(10a) and (15) we calculate the share of intra-industry trade to be 




s'M 2 
\ Z M 1 


for e 


(17) 


11ns is shown in Helpmau (1981, proposition 4) to be a declining 
function of the difference in relative factor endowments. 1 he share 
of intrafirm trade is zero at endowment points that belong to 0i()0‘> 
because in this region there are no multinational corporations. 

Using (12), we obtain: 


•S', 


px min (v'M 2 , s 2 M') 
s*(y + pxM 2 ) 


foi li £ O.DQ. 


(18) 


Since one can show that M l /M 2 > t'/r on 0 |(), then for a given relative 
country size the share of intra-industry trade rises with the difference 
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in relative factor endowments as we start moving the endowment 
allocation along an equal income line from a point on 0,Q_ in the 
northwestern direction. It country 1 is small enough, however, this 
share reaches a maximum and declines with further redistributions 
that increase the gap in relative factor endowments. This means that 
with the emergence of multinational corporations the share of intra¬ 
industry trade may be positively or negatively related to differences in 
relative factor endowments. Using (16), the share of intrafirm trade in 
0,DQ can be represented by 


•S', 7 = ^.^ 2) - for E £ 0,0(1 (19) 

s pxM + up. 

where s 2 pxM l + «p, is the volume of exports from country 1. There¬ 
fore, for given relative country si/e a widening of the difference in the 
// to L ratio between country 1 and country 2 increases the share of 
intrafirm trade (because it increases p. and reduces A/ 1 ). 

For an endowment point in O^QDG we have M~ = p, so that (15), 
(16), and (13a) imply: 


px min (sV' s 2 AI ') 

(1 - s')pxM + px\x(s' - 0/..O 


for E G a,Ql)(i. 


( 20 ) 


/ = 


"(U-/2) 


(1 - ' )pxM + px\i(s - 0 /..\) 


for E G <) ,QJ)(, (21) 


Assume c 1 > 0 /A in this region. Then, fora given relate ’' 1 
starting from 6 UQ the share of intra-industry n.«‘ 
creases in the difference between the // to /. ratio 
country 2, and it may reach a maximum and dec Inn 
pattern is similar to that in 0,1)(). The share ol mti.tl 
other hand, is larger the laiger the diffetence in u 
dowinents (given relative country si/e). 

In region U>GE countiy 2 expoits only dilfetentiaicw 
Therefore, because of balanced trade, at endowment points that be¬ 
long to it s V > -y 2 Af'. Using this relationship as well as (1 1). (15). and 
(16), we find that on lines in OX',E that represent constant relative 
country si/e, the share of intra-industt \ trade declines with increasing 
differences in relative factor endowments and the share of inttafirm 
trade is constant. 

The broad picture that emerges from this analysis is that for given 
relative country si/e the share of intiafirm ttade is larger the huger 
the difference in relative factor endowments, but that in the piescnce 
of multinational corporations no clear-cut relationship exists between 
the share of intra-industry ttade and diffeiences in telalive factor 
endowments. 
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VII. Concluding Comments 

1 have developed in this paper a general equilibrium theory of inter¬ 
national trade in which multinational corporations play an essential 
role. This theory can identify and analyze the implications of circum¬ 
stances in which corporations find it profitable to become multina¬ 
tional. These corporations are well-defined economic entities, they 
possess firm-specific assets, they engage in monopolistic competition, 
and they play an active role in foreign trade. The theory explains the 
simultaneous existence of intersectoral trade, intra-industry trade, 
and intrafirm trade. Despite the relative richness of the theory it 
needs further extensions and elaborations in order to deal with the 
wide range of problems that are at the heart of international econom¬ 
ics. An extension of the current theory to horizontally as well as 
vertically integrated corporations is presented in Helpman (1983Z>). 
This extension generates more realistic patterns of resource alloca¬ 
tion without altering the fundamental properties of trade patterns 
that were derived in the current study. In particular, integrated mul¬ 
tinational corporations end up having production facilities in parent 
as well as in host countries, and the existence of vertical integration 
brings about inttafirm trade both in // services and in intermediate 
inputs. This realism is achieved at a substantial cost in terms of the 
complexity of the theory of the firm. Nevertheless, 1 believe the 
benefit-cost ratio to be larger than one. The current theory can also 
explain cross-country penetration of multinational corpoiations as a 
result of impediments to trade (such as transport costs or tariffs). This 
is evident from the fact that the establishment of a new plant for the 
same variety requires additional fixed costs but saves the costs associ¬ 
ated with trade impediments and does not require the hiring of new 
// factors. Hence, for sufficiently high impediments, cross-country 
penetration is expected. 
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Restrictions on Price Advertising 


Michael Peters 

Vnivn\ity of Toronto 


In this paper the elf ms of advertising restrictions in an industry 
producing an undifferentiated product are analyzed. When the 
ptoduct is undifferentiated, advertising conveys information about 
pnte. file siandaid intuition suggests that such prohibitions will 
laise buyer search costs, making demand less elastic. I fus raises 
puce and profits in an industry. Advertising restnc lions provide an 
indirect means of coordinating pining strategies in this framework. 
Here we consider (he cost side of the same argument. The ellir iency 
of fit ins in an industry is allowed to cat v and inlot mation about costs 
is pmate. In this environment elite tent fitms arc hurt by advertising 
restrictions, since lower advertised prices constitute tlicit most effec¬ 
tive competitive weapon. We show that when the number of buyets 
anti sellers is finite, there is a nonzero probability that advertising 
tesiriclions will teduce every hint's price. 1 his occurs when all (itms 
ate mote efficient than their competitors expect them to he. Fin (her, 
when the number of buyers and sellers is inlmttc, it is possible that 
average puce charged in an industiy can fall alter a ban on adver¬ 
tising 

I. Introduction 

When the primary function o( advertising is to convey information, 
advertising restrictions are thought to have a relatively simple effect. 
Without advertising, it becomes more costly for some buyers to find 
low-priced suppliers. This reduces the demand elasticity faced by 
firms and raises equilibrium prices and profit rates. There is empii ical 
evidence in support of this argument. For example, Benham (1972) 
shows that in slates where advertising of eyeglasses was prohibited, 
average prices were more than double what they were in states where 
such restrictions did not exist. In addition, Boyer (197-1) shows that 
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profit rates are negatively correlated with advertising in industries 
where product dif ferentiation is difficult. 

1 his argument is based on an analysis of demand behavior. In this 
paper I wish to look at the supply side of the same argument. Supply 
considerations may reverse the previous reasoning. The argument is 
reasonably simple. In industries where costs are private information, 
efficient firms will consider themselves able to compete effectively in 
prices. Restricting price advertising limits their ability to compete us¬ 
ing price. In itself this may reduce the profits of efficient firms since 
customers will tend to be lost to less efficient competitors. In addition, 
these firms may respond aggressively by cutting price to regain the 
customers they have lost. If this is true, the equilibrium prices of low- 
cost firms may actually fall after imposition of the advertising 
restrictions. 

Io formalize these arguments, an industry where all firms have 
limited capacity and private information about their production costs 
is examined. The Bayesian Nash equilibrium that will prevail in this 
inclustiy with and without advetlising restrictions is computed. In this 
framework, the question I wish to examine is whether advertising 
restrictions might provide an indirect means of coordinating the pric¬ 
ing decisions of fit ins in the industry. 1 hough direct agreements to 
raise price might be difficult to monitor, and therefore difficult to 
enforce, violations of a no-advertising agreement can be easily ob¬ 
served. I bis is the reason that indirect restrictions on advertising 
might be preferred to direct testriclions on prices. 

In Section II, I compute Bavesian Nash equihhiia using a tec limoue 
suggested by Riley and Samuelxon (1981) in theii 'inch . • 
design. I show that ecjuilibt ium pi icing strategies ha 
that very efficient piotluc ei s will be hint In advertise, 
the sense that their expected payoffs might lall. 1. 
shown that equilibrium prices of efficient produce!' 
with advertising restrictions than they are without o 

In Section III, I study the properties ol a limiting . 
the number of buyers and sellers is vert large. In this < ■ 
uncertainly disappeai s. 1 he equilibi ium with adv ei using c oltap-c' in 
a single price charged bv all sellers who stav in the mai hot 1 ho pi n e 
can be computed by finding the intersection of the' demand and sup¬ 
ply curve, where the elasticity ol the supplv c in ve i esiilts limn the lac i 
that less efficient selleis are attracted to tile maiket as pints use 
Without advet living, there is a unique two-puce equilibi linn. 11ns 
equilibrium involves some linns charging the monopolv puce and 
catering to high-search-cost buyers. Other linns in the econoinv sell 
only to low-search-cost buyers and charge a price that depends on the 
number of buyers who purchase at that price. It is proved that this 
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price may be below the price they would have charged if advertising 
were permitted. In addition, it is simple to construct cases where 
average industry price falls after advertising restrictions have been 
imposed. 

The results I derive in the limiting case are similar to the results of 
Salop anti Slight/ (1977) on price dispersion. The primary difference 
between their model and the model presented here is that explicit 
capacity constraints are imposed here and firm costs are allowed to 
differ. Cost differences are necessary for it to be possible for the 
equilibrium price of any firm with advertising to be higher than the 
corresponding price without advertising. In addition, the fact that 
costs may differ and may be unobservable makes it possible to com¬ 
pute equilibrium in the case where the number of firms is finite. This 
case is of clear importance for problems involving cooperative agree¬ 
ments to restrict competition. 

II. The Model 

A simple industry is considered where / potential sellers can produce 
a single unit of a homogeneous nonstorable commodity at some con¬ 
stant marginal cost x. Production costs are not publicly known, per¬ 
haps because costs of different sellers vary over time. 1 assume that 
these costs vary between zero and one. Further, it is assumed that 
everyone in the economy believes each seller's costs to be identically 
and independently distributed according to some continuously differ¬ 
entiable distribution function G(x). Sellers are all risk-neutral ex¬ 
pected profit maximizers who compete with prices. 

[ here is a finite number / of potential buyers of the industry’s 
output. It is assumed that / < J. To be simple, it will be assumed that 
each buyer’s demand curve is horizontal at a price equal to one, up to 
one unit of output, at which point it becomes vcrtk al. In other words, 
each buyer is willing to purchase one and only one unit of output at 
any price less than or equal to one. Resale is prohibited, and indirect 
utility is assumed given by 1 — p, where p is the price the buyer pays. 
If many buyers visit the same seller, it is assumed that the seller selects 
one of them at random and provides this single buyer with all his 
output. 

The economy is supposed to work in the following way: At the 
beginning of the trading day, sellers (costlessly) simultaneously adver¬ 
tise their locations, their willingness to trade, and possibly their price. 
If a price is announced, sellers are bound to sell at that price and 
cannot make subsequent changes. Buyers can costlessly arrange trans¬ 
actions with sellers who advertise prices, perhaps by using the tele¬ 
phone. Sellers who do not advertise prices must be visited. Buyers 
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may be either high-search-cost buyers, in which case they tan visit one 
and only one seller (when prices are not advertised), or low-search- 
cost buyers, in which case they search out the best deal available. 

I'wo cases are considered. In the first, all sellers are supposed to 
advertise prices, while in the second a producers’ association is able to 
prevent all price advertising. Firms still advertise their locations and 
willingness to trade. In this case a firm price offer is made only aftei 
the buyer turns up at the seller’s store. It is easy to verily that equilib¬ 
ria where some sellers advertise and some do not can be ignored when 
the number of buyers and sellers is finite. To see this, consider the 
lowest price at which any firm would choose not to advertise. 1 he firm 
charging this price can never be hurt by choosing to advertise, since 
by doing so it would attract any high-searrh-cost buyers who would 
otherwise have gone to other nonadvertising firms. 1 here would be 
no gain to advertising only in the case where all nonadvenising firms 
charge the same pi ice. But then thete is no loss in generality associ¬ 
ated with assuming that firms advertise, since buyers are assumed to 
know firms’ pricing strategies. 

To prove the results, I compute Bayesian equilibria using the tech¬ 
niques of Riley and Samuelson (1981). F.ach seller chooses a sttategy 
rule ct(.v) that determines the price he will c barge when bis costs are v 
The rule chosen must maximize expected profits for each value \ 
given the strategy rules employed by the other sellers When selleis 
advertise, or compete for low-search-cost buvers, onlv the lowest 
quoted prices end up attracting buyers Hence this ptoblem is loi- 
mally similar to an auction (Ortcga-Reicheit 19(i8. Mveison 1981, 
Milgrom anti Weber 1982) where the Bavesian cquihbiium concept 
has been widely employed. 

The case where sellers advertise pi ic es is considei. 
pute the equilibrium, suppose (hat each seller emp!< 
egy rule <j(x) and that this rule is a continuouslv «' 
strictly monotonically increasing function of the sc!' 
later verify that the equilibrium pi icing strategies h 
Suppose there are li buyers in all. A seller sells m 
only if he charges one of the li lowest prices. Since o 
pricing rules are monotonic, bv assumption, ibis iihmiis tli.ii in 
sells if and only if he has one of the li lowest pi cubic i ion costs 11 the 
seller has costs x, there is a probabilitv (>{\) ih.it am othci sellei has 
lower costs. The probability that B - 1 or fewer of the / I otliei 
sellers have lower costs is then given bv the c utnulative binomial distri¬ 
bution. This gives 
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is ,1 differentiable function provided G(x) is. Note especially that this 
probability ran be easily recomputed for any value of B. I his prop¬ 
erty will be used later in computing strategies when there is no adver¬ 
tising. 

Now let I’(x) be the expected price received by a seller of type x 
when he uses his optimal strategy in the Bayesian equilibrium. From 
the argument above, it must be that no seller can benefit by acting as if 
his cost is different from what it actually is. Since P(x) = cr(x)Q/(x) 
and tr(.x) is assumed differentiable, it follows from (2) that P'(x) — 
,vQ/'(.v) = 0 for each x in [0, 1]. Since the function (f/(x) is known, 
this gives a simple differential equation to be solved tor the func¬ 
tion P(x). The required boundary condition is given by noting that 
lim v _>| P(x) — linv.i (r(.x)Q(x) = 0 since it never pays to report a 
pi ice above one. Integrating and using the boundary condition gives 


PM = xQ,(x) + 




so (hat 


ct(x) 


= X + 


f 1 <ii(0 

k Q,(x) 


dt. 


( 2 ) 


The expected payoff to the seller is then just f[ (),(t)dt. 

This will give the solution to the problem provided the equilibrium 
stiategtes tr(x) are monotonic and differentiable. They are clearly 
differentiable. To see that they are strictly monotonic, note that Q_/(x) 
gives the piobability that the reset vation price x is among the / lowest 
reservation prices. 1 hen I - Q,(x) is just the piobability that the/tli- 
order statistic among the J - 1 reservation prices of the other sellers 
is less than or equal to x. 1 he density for the /th-order statistic is 


(./ - I)! 


(/ - !)!(/ - 1 - /)! 


r. 1 '(x)j i - G(x) 


!/ I I 


(•'(X), 


which is strictly positive since G' > 0. Then d( 1 - Q,)/dx = -i)i(x) > 
0 or Qj(x) < (), Straightforward differentiation of (2) then gives the 
result that cr(.x) is monotone increasing. Furthermore, since P(x) - 
xQ,i(x) = /' C l,U)dt, we have P"(x) - xQj(x) - Ql(x) < 0 so that the 
appropriate second-order conditions hold. 

Now we consider the outcome when sellers force buyers to search 
out price quotations. The procedure here is identical to that of the last 
section. We derive the transaction probability for a seller of type x in 
equilibrium under the assumption that the pricing strategies of all 
sellers are monotonic. We then compare the equilibria. 



PRICE ADVERTISING 


477 


When sellers refuse to convey price information, the model unfolds 
as follows: sellers post information about their locations at the begin¬ 
ning of the trading day and tell buyers that they will offer a single 
“take it or leave it" pi ice to buyers once they visit. The /.ero-search- 
cosl buyers are then assumed to arrange transactions with all the 
lowest-priced sellers. The high-search-cost buyers pick among the set 
of sellers at random and buy if the seller they choose has not made a 
transaction. The seller’s transaction probability then depends on the 
number of zero-search-cost buyers on the market. If there are B 
buyers with zero search costs the seller sells if he is among the B sellers 
with the lowest reservation price or if either of the other I — B buyers 
chooses him first. Taking expectations over the number of buyers 
with zero search costs gives the transactions probability as 
/ 

S(x) = £ {q,(x) + (1 - Q,(x)](-^-p-)) ■ </„ (3) 


where q, is the probability that there are I low-search-cost buyers, and 
()„ defined by (1), is the probability that the seller is among the / 
lowest-priced sellers. Set Q () = 0. 

The argument in the last section applies directly to this case. A 
seller who has reservation value = 1 will never ac cept a price below 
one. He never sets a price above one; hence the only strategy available 
to him is his reservation price. His expected price is then S( 1) = 1', „ 
q,[(l - /)//]• ’I'hen l\{ 1) = I - .V (1) — f,\ + constant - Ml iso 

that the appropriate constant is again /,! S(l)<lt . The solution for the 
equilibrium pricing strategy is then 


cr s (.v) = v + 


' S( t)dt 
-< S{.\) ' 


Once again cr s (,v) is differentiable. To see that n w 
that S(x) ran be written as 



which is monotonic because i),(x) is. 

Unfortunately, S(x) and (f(x) do not yield simple compansons. 
However, we do have the following proposition. 

Proposition 1: There exist some sellers with veiv high costs who 
are always better off in the equilibrium without advertising. 

Proof: Since the value of the game with search is J| S(t)iit, while 
without search it is /i Q,(f)c/t, the payof fs can be computed In compar¬ 
ing .V and Q,. If x goes to one, Q/(x) goes to zero while S(x) goes to 
2Uc/[(/ - t)/J] > 0. By continuity, S(x) > (7/(v) in some neighlvor- 
hood of one. Hence for large enough x, f[ S(l)<it > /! ()/{t)dt. Q.K.l). 
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Unfortunately, this is a rather weak proposition because it says little 
about the preferences of more efficient sellers. In the Appendix, a 
number of properties of the functions S(x) and Q ; (x) are examined. 
These properties allow us to establish the following. 

Proposition 2: The functions /i S{t)dt and /1 Qi(x)dt are equal at, 
at most, one point x*. Further, 

| S(t)dt 3* | f)f(t)dt , x > x*, 

while 

j S(l)dl =s | Qj(t)dt, x =£ x*. 

This proposition justifies the intuitive categorization of sellers into 
high- and low-cost firms. The proposition states that firms with costs 
above x* ate made better off by advertising restrictions while those 
with costs below x* are made worse oft. 

Unfortunately, there is no way to tell whether x* > 0. ft may be 
equal to zero. However, we do have: 

Proposition 3: II f[ S(t)dl < f\Qi(t)dl for some x, then there is an 
open set of very efficient sellers whose prices fall when advertising is 
restricted. 

Proof: The seller with the lowest cost (x = 0) sets a price (t s (0) = 

S(t)dl and <r(0) = (h(t)dt. The result then follows by the con¬ 
tinuity ot the equilibrium pricing strategies. Q.E.l). 

It is easy at this point to construct an example to show the desired 
result. 

For this example, let there be two buyers and three sellers and 
suppose that U(x) = x. From (1), Q;>(x) is given by (1 — x)~ + 2x(! - 
x). Then/l (I - if + 2f(l - t)dt = [(1 - x)’/3] + (I - x 2 ) - '-/«(1 - 
x 1 ), which varies from ~A when x = 0 to zero when x = 1. From (2), 
.V(x) = i{"' 2 A + f/'l'/i + %(1 - x) 2 ] + c/ 2 [(l - xf + 2x(l — x)l, sotfiat 
/i 'S'(x) =/’%( 1 - x) + q'{Vs(\ - x) + HA[(1 - x)V3]} + t/'{f(l - x)Y3j 
+ (1 — x~) — 2 /i(l — x')}. When x is zero this is-A(c/° + q 2 ) + (f\V -1 + 
ty>). This is always less than V\ provided (f is nonzero. It then follows 
that sellers with low reservation prices are always worse off without 
advertising. It is straightforward to show that if there is one buyer and 
two sellers, all sellers are better off without advertising, so that exam¬ 
ples can be constructed in either direction. 

What about prices? If we let the probability that there are no high- 
search-cost buyers be zero, then .S'(0), the probability of selling when 
costs are zero, goes to one. We then have (Ts(0) • ,S’(0) = ,V(0) • 0 + / () 
S(t)dt = Os (0) = (/'(%) + y'C/i + %) < % for, say, q = '/>. When there 
is advertising, a seller with zero costs always sets price equal to V\. 
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III. Many Buyers and Sellers 

When the number of buyers and sellers is large, the analysis of this 
model is greatly simplified, though the relevance ot cooperative re¬ 
strictions on advertising can he questioned. In the limit, the piopor- 
tion of sellers having costs less than x is G(x) with certainty. Fui iher. r/ 
becomes the proportion of buyers having zero search costs. 

It will now be shown that the equilibrium pricing strategies tend in 
the limit toward piecewise constant functions. The reason toi this is 
basically that when prices are advertised and / is large, a seller is able 
to tell with certainly whether or not he will make a sale II he 
x, then he knows that the proportion C(x) ol all m 
costs. A sale will be made if and only if C(x)- / ^ / I 
that G(x) ■ J 5 /, no increase in selling probabilnv i 
cutting price because of the capacity const!aint face >. 
all sellers with costs such that (»'(x) - / ^ / will set tin 
price, p", will be equal to the cost of the seller lot w I 
This price can be thought of as a competitive price \. 
the supply curve, while the demand curve is vertical at / - 

In the case where prices are unadvertised, sellers can still compete 
for the ql buyers who have zero search costs. In this case no single¬ 
price equilibrium can exist since shading price guarantees a sale to 
any seller who otherwise would have sold with probabilnv /// tactuallv 
all sales are certain, at the single price each seller sells /// units). The 
two-price equilibrium that applies in this case can be constituted in 
the following way. Choose the ql lowest-priced sellers. I.ct the cost ol 
the highest-cost seller in this group Ire x*. These sellers will all set a 
single price p NA > x*. The other (1 - q)I high-search-cost bmers are 
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distributed evenly among all of the existing sellers. Some of these 
buyers will visit low-cost firms and make no transaction. The equilib¬ 
rium pii<e p VA is chosen such that the seller with cost x* is indif ferent 
between selling 1 unit at price p SA and selling (1 - q)llf units at price 
1; that is, p XA is chosen to satisfy 

(/>" ~ v*) = (I- (4) 

It is easy to check that firms with costs below x* prefer the price p XA , 
while firms with costs above x* prefer price 1. It is also straightfor¬ 
ward to verify that this equilibrium is unique. 

As in the finite case, we must check whether the lower price in the 
two-price equilibrium without advertising might actually be below the 
single competitive jarice that is charged with advertising. This de- 
pends on the distribution function G(x). To see this, suppose that the 
distribution function (l(x) is uniform, so that the “supply" curve is a 
straight line with slope IIJ. The price with advertising is then IIJ, while 
the cost of the marginal seller in the two-price equilibrium is ql/J (see 
fig. 2). 

The price p XA must be chosen so that the rectangle with height p NA 
~ (ql/J) and length J has area equal to the rectangle with height 1 - 
(ql/J) and length (1 - q)l. 

It is easy to check that the lower price without advertising will be 
below the single advertised price in this case. Solving (4) when fi(x) is 
uniform yields p NA = (IIJ) - [(1 - q)ql/J 2 J < ///. 

Now, suppose we change the supply function in a way that makes 
any new supply curve pass through the point (ql/J, ql) on the linear 
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supply. This could be done, for example, by taking mean-preserving 
spreads of the distribution G(x). Such a mean-preserving spread 
would shift the supply curve to a new curve like S'(n) in figure 2. This 
spread would not change the equilibrium price p' WA , since the equilib¬ 
rium condition would continue to hold. It would, however, affect 
the equilibrium price that would prevail with advertising. Mean¬ 
preserving spreads of G(x), like the one demonstrated in figure 2, 
would drive up the equilibrium price p A to p' A . 

This procedure makes it clear that a somewhat stronger result is 
possible. Extreme spreads of the distribution of G(jc) ran be taken to 
make the equilibrium price with advertising as close as desired to one. 
The limiting supply curve would be flat at zero up to <//, at which point 
it would jump to one, making the equilibrium price with advertising 
equal to one. The average price charged by firms without advertising 
is (ql/J) ■ p SA + ((/ — <j/)ij] ■ 1, which is strictly less than one. T his 
shows that it is possible that advertising restrictions might cause aver¬ 
age prices in an industry to fall. 

To get some insight into when this might occur note the results that 
might occur at the other extreme. Reducing the spread in fu nis’ costs 
leads in the limit to a situation where all costs are the same. Suppose 
all firms have costs ql/J, so that the supply curve is Hat at that level. 
The price with advertising is qllj and all rents go avvav. I 11 this case 
firms in the industry much prefer advertising restrictions since sales 
are always made at higher prices. From these arguments 11 appeal s to 
be true that dispersion of costs in an industry is like 1 \ • 
tising restrictions to bring down average industrv , 

IV. Conclusion 

This paper analy/es the effects that prohibition m 

has on equilibrium in an industty producing an 

product. It is shown that average prices chaiged bv 1 ,.,, 

response to this restriction. This conclusion is detivcd bv * % . 

the cost side ol the usual argument. The lesults illustrate a much 

broader point, that is, that restrictions on competition will tend to 

hurt efficient linns and benefit inefficient ones. Explicit examination 

of cost differences makes it possible to demonstrate this proposition 

here. 

The paper suggests a couple of issues that should be pursued fur¬ 
ther. First, I have severely limited the advertising strategies available 
to firms in the industry. This serves to make the no-advertising equi¬ 
librium quite unstable in the sense that high-priced firms have an 
incentive to advertise a slightly lower price than their compcliiois. 
thereby increasing their sales. The usual recourse to punishment 
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strategies of members of the industry applies. However, no¬ 
advertising agreements can be made self-policing in other ways. For 
example, firms might advertise a promise (legally binding) to match 
any advertised price offer. Accepting the obvious feasibility problems, 
this would seem to make advertising strategies by high-priced firms 
less attractive. An analysis of price advertising with broader strategy 
sets of this sort would be in order. 

Second, I have assumed that the commodity traded is homoge¬ 
neous. One of the arguments for prohibiting price advertising might 
be that the resulting price competition would reduce firms’ expendi¬ 
tures on quality below a socially optimal level. An additional difficulty 
arises, however: consumers would be forced to make inferences about 
quality f rom prices or from the decision not to advertise. The range 
of possible outcomes seems large. 

Advertisements in this model convey more than information about 
price. They convey the firms’ willingness to utilize an efficient infor¬ 
mational technology to conduct transactions. Buyers actually search 
less efficiently among nonadvertising firms. It would be useful to 
extend the analysis to the case where messages conveyed by firms 
were pure information transmitted at some cost. 

Finally, the possibility of entry into this industry has been ignored. 
The reason for this, again, is that in an industry where cooperative 
agreements to restrict advertising are feasible, one should expect the 
industry to have some control over entry. The issue of entry is impor¬ 
tant, however, since advertising restrictions are often imposed by law¬ 
makers on essentially competitive industries. 


Appendix 


Lt mm a Al: Foi every 8 = I, . . . , /, 




(./ ~ P! 

di - mj - nr. 




- C(x)\J 


1 - u , <K'<(x) 
dx 


where J,(x) is the hist derivative of Q_n{x). 

Prook Qh(x) is the probability that t — 1 01 fewer of the remaining 
/ - I sellers will have reset valion pi ices below x: 


Qn(x) 



U ~ P! 

u - mj - o! 


Gto'-'fl 


C.(x)\ J 


This is equal to the probability that a seller of type x makes a sale when there 
are 8 buyers on the mat ket. This is equal to (he probability that the /Jih-order 
statistic for reservation prices of the / - 1 other sellers is not less than x, 
which is one minus the probability that the Zfth-ordcr statistic is less than or 
equal to x. The density for the ifth-order statistic is 


8 b(x) 


(B - !)!(,/ - 1 - B)! 


G(x)" '[1 


6’(*)]'-'- B 


dG(x) 

~lhT 



PRICE ADVERTISING 


4 8 3 


which gives the result. Q.L.D. 

Lemma A2: 

.S -I (x) < 0, Qj(x) < 0. 

Proof: The results follow from lemma A1 and the assumption that G'(x) 
is monotone increasing and differentiable. 

S(x) = X Aq,(x) + [I - Q,(x)J 11 

l={) l J 

with (£o(x) = 0 = Qo(*)- Whence 

/ 


S‘(x) = X [ +1 

I ■= O J 


so that s’(x) < 0. y.E.D. 

Lemma A3: I he funt lions -S’ 1 (x) and Q/(x) have the following piopctties: 
(i) t-S‘(x)l > |Q/(x)| for all x in an open neighborhood of zero (ti) |.S' 1 < v)| < 
|(?/(*)| for all x in an open neighborhood of one (in) I here exists a unique v" 
such that |S'(x")| = |Q/(x°)|. 

Proof: We compute 

i^ . 

|.s'(x)| - iQ/<x)t = X 't y ~ 1 + 1 le>-'<t)| - lciz l (x)i 


/ 

-X- 


,1 .1 -1 +' 

J 


U - I)! 


l / ' 


((-!)!(/- I - 0! 


— (>(x)' ‘[I - 0<x)| 


ill, ( V I 
l/v 


- -CM' 'll -f.(x )]J 1 ’*£ 1 ) 


(/ - dhj - i - /» 


= X ’I 1 {J 1>! - C,{x)\' ' 

rr> / ,lx 

(J - f + i)<i(x)' '[i - t;(v)| ; ' _ 

(/ - i)!(y -i-o! a - ift/ 


/ 


If x is very close to zero, every let m in this expansion is |.. 


ery close 

x)| > 0. 


wheteas if v is dose to one. every let in in Hus 


- lQi,(x) 

negative, making |S'(x)| - |Qh(x)| < 0. Lite sign of this expi 
mined by the sign ol the expression 


t SMi m is 


/ 


H(x)' '(J -l + l) _ 


./ 


/ 1 ' 


[(( - 1 )'(/ - I - 0 ! (/ - !)'(/- 

= y , h(x)> '(/ - / + o _ / 

y, 7 u -1> 1 c/ -1 - o! (/ -1)'(/ -1 /> 


where//(x) = [1 — C(x)]/G(.v) is a monotomcallv decreasing f um lion Heme 


y , H{x)' \J - I ~ ,) 

V - DK./ - 1 - 0 ! 
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is a monolonically decreasing function that intersects the constant function 
J/[(l - 1)!(/ — 1 - /)!J only once. Hence the expression changes sign exactly 
once. 

I.emma A4: The functions S(x) and Q f (.v) have the propel ties (i) S(x ) < 
Qj(x) for ail x near /.ero. (ii) -S'(x) > Q,(x) for all x near one. (in) There is a 
unkjtie x° such that — Q/(x°). 

Proof: lim v _oQ,(x) = 1, since a seller with the lowest possible reservation 
pure is almost sure to win. 

lint S(x) = tj'-L + (1 - q")\ < I. 

*-<• J 

1 his is because there may he some jvossihility that all sellers have high search 
costs. In (lus event, the seller with the lowest tescrvation price has the same 
transaction probability as everyone else, that is, II), which is less than one by 
assumption. By continuity, condition l holds. Now lim,w.| Qj(x) = 0 since / < J 
by assumption. Hovvevet, lim,_,i ,V(x) = Xf, u </,((/ - 1)1 j\ > (I. By continuity, 
condition ii holds. 

(Continuity implies that .Y(x) must cross (f,(.v) at least once. At the largest 
crossing point, S(x) must be flatter than Q/(x), since ,S(x) must eventually be 
huger than Qj(x). II it crosses more than once, it must cross an odd number of 

times. Let {.t|, v_>.x/| be the sequence of crossing points. Then .9 1 (x|) > 

Qj(.vi), .S'(.\ 2 ) < QJ(.yjj) . . .S'f-Xr) < Q./(t/>. But this contradicts the single 
ciossitig property ol X'(x) and Qj(x) given in lemma AS. Q K.I). 

Lemma A5: S(t)<lt /( ()i{t)dt lor all x or there exists a unique v" such 

that 

[ S{i)tll h j 0,(l)<lt x ". 

j S(l)dt ? J V x s* x". 

Proof. Define the lunclion ,S(x) = /J. S(l)ilt and ()(x) = /I {>/(v)c//. I he.se 
are positive (unctions with detivatives given by — .V(v) and -()/f(x), respec¬ 
tively. II the tunc lions cioss mote than once they must cross an odd number 
of times, but this contradicts the single crossing property ol the deiivalive 
functions given in lemma A4. (j K.I) 

Lemma Ah: Let x be any poult at which /I S(l)dl 5 /[ (^j(t)dt . I hen /J 
■S U)dtiS(x) > /! (li(t)dl/Qj(x). 

Proof: If .S'(x) < Q/ix) the proo! is immediate, so suppose that S(v) > 
Qj(x). By lemmas A4 and AI S(l) is flatter than ((/()) lot t ^ x Now i otistt uc t 
the function .S'(() = S(l) -^(.S(x) - Q/(x)]. S(tJ is the lunclion that is shifted 
downward vertically until S(x) j= Qj(x). Since -S ’(/) - S ] (t),S(t) is Halter than 
(li(t) for all t 1* x. Hence /’ S{l)dl > f[ Qj(l)dl Let A be the positive real 
number having the properly that A.V(x) = Six). Note that because S’ is a 
decreasing function, A.S’(x) « .S’Cx) (see fig. I). Hence 

( S(l)dl [ A SU)dl 

—-> - i —^-> 

.S'(x) A.S(x) 

Proposition 3 follows Iron) lemma An, while ptoposilion 2 follows Iron) 
lemma A6. 
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Work Incentives, Hierarchy, and internal 
Labor Markets 


James M. Malcomson 

l'rmvr\tt\ of York 


Tim paper argues (hat contracts with payment based on a ranking of 
employee performance can provide performance incentives even 
under asymmetric information that prevents payment based on indi¬ 
vidual performance only being enforceable. Such conn acts also fit 
with five featutes of labor maikets that have aroused considerable 
interest: (I) hierarchical wage structures; (2) internal promotion; (3) 
wage rates that rise with seniority and experience more than produc¬ 
tivity; (4) the variance of earnings increasing with experience; and 
(5) wage uttes attached to jobs rather than individuals with differen¬ 
tials set hv administrative procedures lather than by reference to 
external market wages. 


Introduction 

The literature on the principal-agent problem has been concerned 
with the nature of optimal contracts when there is difficulty in moni¬ 
toring all aspects of an agent’s performance. For the most part, this 
literature has considered models in which payment based directly on 
a measure of output provides an enforceable contract. For a recent 
example, see Grossman and Hail (1983). This requires that informa¬ 
tion about an agent’s output be symmetric so that both parlies know 
what payment is due under the contract and, at least in principle, 
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could get that payment enforced legally if necessary. The output 
measure does not have to be perfect as long as neither party is in a 
position to impart a systematic bias to it. However, in many employ¬ 
ment situations, information about an agent’s output is asymmetric in 
the sense that the agent cannot verify the principal’s observation of it. 
As Greenwald (1979, p. 8) and Williamson, Wachter, and Harris 
(1975) have emphasized, performance is frequently something that 
can be assessed only subjectively by, for example, the judgment of a 
supervisor. This is particularly the case where there is a genuine team 
element in production of the type that Alchian and Demsetz (1972) 
argue is a fundamental reason for the existence of firm, as opposed to 
purely market, organization of production. Under such circum¬ 
stances a payment scheme based directly on a measure of individual 
performance (“payment by standard,” as it has become known in the 
literature) is unenforceable, and, unless some other kind ol incentive 
scheme is available, the principal will be unable to enforce more than 
minimal compliance by the agent in the petfotmancc of his task. 1 

It is the contention of the present paper that in the context ol a 
principal employing many agents, which characteii/es much emplov- 
ment by firms, contracts with payment based on an ordering of em¬ 
ployee performance, and hence in the spii it of the 1 ank-order tourna¬ 
ments of I.azear and Rosen (1981), can still be made enforceable as a 
means of providing performance incentives even under asymmetric 
information. This provides a wider set of circumstances than those 
analyzed by Green and Stokey (1983), that is. situations in which 
stochastic elements unobservable by the principal an- ■ 
across agents, under which such tournaments are ' 
merit schemes based on individual performance m 

The essence of the argument is that a firm cat 
specifying that a certain proportion of its woik to 
higher wage than the rest. Whether or not it abiti. 
thing that can be veiilied by emplovees. Since tlu 
mitted to paying a higher wage to a certain propoita 
it has every incentive to pay that higher wage to those cmp!> • 

1 Piece-idle payment is one siltii tmin of uuenuye scI k-iug II the basis toi pme-iatc 
payment can be the true marginal picxluct of an employee, then the Mutation CNsrn- 
tially reverts to a principal-agent ptoblem in which the agent's output i> \enhablc by 
both parties I he problem with piece rates is that the unit ot output used as the basis tit 
payment must be\cnhablc by both parties at ic-asonably low cost and he me tends to Ik' 
a quantitative measure that neglects all but the crudest qualm dimensions As Slight/ 
(1975) has obseived. "because piece rales reward speed, they tend not to pmside the 
eoriect incentives fot quality or proper c are of equipment " I ndei sue h c iu u instant c s. 
even with piece-rate payment, it m,i) be possible to impioye efficient \ with the use ot 
schemes of the type that toim the focus of this papei. Note also that pioht shaimg 
bonuses arc not an adequate substitute in a large enterprise Iks ause they do not dtt ntly 
reward individual effort 
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perform best because this provides the greatest incentive for employ¬ 
ees to perform well. But this type of contract amounts to a contract 
with payment based on an ordering of employees’ performance, since 
it rewards the best no matter what the overall level is. Moreover, 
because a promotion scheme that ensures that a given proportion of 
employees is promoted exactly fits the requirements of such a con¬ 
tract, reward schemes of this type would seem to be important in 
practice. 

In a repeated game of the principal-agent type, it may not be neces¬ 
sary to have f ull legal enforceability of a contract to achieve de facto 
enforceability, as has been shown by Radner (1981). If the principal 
and agent have a very long relationship with each other, then an 
equilibrium in which neither defaults may exist even when it pays to 
default in the short term. The essential reason is that a no-default 
equilibrium can benefit both parties in the long term, so that, with a 
long enough time hot i/on and a low enough discount rate, the cost to 
the principal of losing a reputation for honesty, and hence not being 
trusted not to default in the future, may exceed the short-term gain 
from defaulting. Such an equilibrium may not, however, exist and is 
never the only equilibrium since, when a no-default equilibrium ex¬ 
ists, there always exists a Nash equilibrium based on the assumption 
that the principal will default. Hence such an equilibrium, even when 
it exists, may well not prove robust. The use of a contract basing 
rewaid on an ordering of employee performance is, however, always 
available when there are many agents and can produce efficiency 
gains without relying on anything more than Nash strategies. 

The use of such contracts also fits with cettain features of employ¬ 
ment arrangements, particularly in large organizations, which have 
aroused considerable interest. These are: 

1. The wage structure within an organization is hierarchical in the 
sense that there is a tendency for the number of employees being paid 
higher wages to be less than the number being paid lower wages. 1'his 
is what Slight/ (1975) leims “horizontal hierarchy." 

2. A high proportion of those in higher-paid jobs have been pro¬ 
moted from lower-paid jobs within the same organization, and new 
entrants are for the most part appointed only at specific points in the 
hierarchy. These are characteristics of the internal labor market 
structure documented by Docringer and Fiore (1971). 

3. Wage rates rise more with seniority and experience than produc¬ 
tivity does. This has been documented by Medoff and Abraham 
(1980). For many employees it is associated with a mandatory retire¬ 
ment age. 

4. The variance of earnings increases with experience (Mincer 
1974). 
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5. “[W]age rates attach mainly to jobs rather than to workers” (Wil¬ 
liamson et al. 1975). While not entirely unambiguous, the fundamen¬ 
tal idea here seems to be that, once assigned to a particular job, there 
is little scope for an individual to bargain over the rate for that job. 
Moreover, the wage differentials between jobs are often set more by 
administrative procedures than by reference to external market 
wages (see Doeringer and Fiore 1971). 

One reason for the interest in these features is that they are, for the 
most pan, inconsistent with the simplest notion of employees being 
paid a wage in every period equal to their marginal product in that 
period. Moreover, they cannot just be ascribed to collusive action on 
the part of trade unions since they are not present only in highly 
unionized markets. 

The existing literature is not short of explanations for these fea¬ 
tures, but many of those explanations are directed to just one and do 
not fit easily with all the others. It is not the purpose of the present 
paper to deny the validity or importance of these earlier explanations. 
Indeed, many of tfieir insights are incorporated here. As will be 
shown, however, the different features fit together in a natuial wav 
when contracts base rewards on an ordering of employee perfor¬ 
mance. 

The literature on feature 1 stems from the work of Simon (1957) 
and Lydall (1968). Their explanation of hierarchical stiucture is 
somewhat mechanical since it assumes that a supervisor tan mi pet vise 
several employees and is always paid a wage highet d' ■ 
supervises. Calvo and Wellis/. (1979) provide an »■' 
of the optimal monitoring structure when mcre.w 
proves work performance by increasing the piol> 
shirking. The higher wage for supervisors m tin i 
follows from the somewhat special assumption th 
individuals cannot be distinguished bv the linn n 
before they are hired, the him knows that thev have .i i,,. 
lion wage. 

Feature 2 arises naturally in any model that involves Inins' acquir¬ 
ing better information about an employee’s ability on the job than c an 
be acquired from characteristics apparent at the time of hiring and 
information available from previous employers. Then earlv periods 
of employment act as a screening process. The wage offered to new 
entrants to the firm therefore will reflect the mixed ability of newlv 
hired employees, and the more highly paid will be those who have 
worked for the firm previously and have been levealed to have 
greater ability. This would also generate feature f. Explanations of 
this type have been offered by Williamson et al. (1975), (freenwald 
(1979), and Harris and Holmslrom (1982). In (Jreenwald's model of 
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adverse selection, however, wages fall relative to the expected produc¬ 
tivity of an individual, which does not fit with feature 3, and Harris 
and Holmstrom's result on this fits with feature 3 only in a rather 
special sense. Moreover, to the extent that feature 2 involves promo¬ 
tion to a different job or grade, it is only necessary as a means of 
rewarding higher productivity if feature 5 holds. This feature is as¬ 
cribed by Williamson et al. (1975) to an attempt to reduce bargaining 
costs in the face of what they call idiosyncratic exchange—that is, 
when job-specific skills give individual employees a measure of mo¬ 
nopoly power in wage bargaining—but no formal model of this has 
been offered. 

The existence of job-specific skills acquired by experience forms the 
basis of Carmichael's (1983) explanation of features 2 and 3. In his 
model, a fixed number of employees who have acquired the skills are 
offered a higher wage than their equally skilled colleagues on the 
basis of seniority in order to reduce quitting by the skilled. This has 
better efficiency properties than a separation penalty paid by the 
party initiating the separation to the other party. I'he reason is that it 
provides no incentive for the party wishing to separate to act in such a 
way as to avoid incurring the penalty by inducing the other party to 
initiate the separation. The results of the present paper, however, 
make it clear that the existence of job-specific skills is not a necessary 
condition for the tvpe of employment arrangement characterized by 
features 2 and 3 to emerge. 

Holmstront (1981) generates feature 3 as a result of the use of state- 
contingent implicit contracts that allow risk-neutral firms to bear 
some of the risk that would otherwise be borne by risk-averse emjrloy- 
ees. In common with many other implicit contract models, however, 
this model uses the crucial assumption that firms are not allowed to 
pay sevetance payments to employees. The explanation for this fea¬ 
ture closest in spirit to the model used here is that of l.azear (1979, 
1981), which can be outlined as follows. To encourage employees not 
to shirk, employers pay less than marginal product in the early years 
of employment and more than marginal product in later years. This 
increases the costs to an employee of being dismissed for shirking, as a 
result of which less shirking occurs and a Pareto improvement is 
possible. Mandatory relit ement occurs at the point at which an indi¬ 
vidual’s reservation wage becomes greater than his marginal product, 
which is socially efficient. But with the wage above marginal product 
at this time the individual would not choose to retire so that manda¬ 
tory retirement needs to be written into the employment contract. 

Two features of La/ear’s model are not wholly satisfactory. One is 
that performance is rated either as satisfactory or as unsatisfactory. 
There are no degrees of satisfactoriness, and this leads to an indeter- 
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minacy as to the optimal path as long as the cumulative wage paid by 
any date is less than the cumulative marginal product. The other is an 
enforceability problem. In his model a hrm can dismiss an employee 
for shirking even though he did not shirk and so capture the differ- 
ence between the cumulative wage paid and the cumulative marginal 
product to the date of dismissal. Then, of course, there can only be a 
solution with the cumulative wage to any date less than the cumulative 
marginal product if there is a cost to a hrm of defaulting in this way. 
Otherwise, it would always pay firms to default at the point where the 
dif ference between these is at a maximum. I.a/ear assumes that there 
is such a cost that arises because a firm that acquires a reputation for 
defaulting will not be able to use such an incentive arrangement in the 
future and hence will incur higher labor costs per unit ol output. 1 his 
of course amounts to a repeated game ol the tvpe discussed briefly 
above and for which the existence of a no-default equilibrium is bv no 
means guaranteed. As this paper will show, however, the essential 
spirit of Lazear’s insight can survive the removal of both these special 
assumptions when contracts basing payment on an ordering of per¬ 
formance of employees are used. 

The next section of this paper shows how such contracts can be 
made enforceable as a means of providing perlotmance incentives 
even with asymmetric information about employees' performance 
and also shows that promotion schemes are a way ol achieving this 
Subsequent sections analv/e a formal model of sue It a scheme, show 
that it can lead to efficiency improvements over otliei enfoiccable 
types of contract, and demonstrate how it can genet .tie the i 
lures of employment arrangements discussed above 


Enforceability of Contracts 

To see precisely the implications ol asymmetrv of u: 1 
employee performance, consider the following simple 
may hire employees of different generations. All indiv ldu.i - 
tical (apart from belonging to different generations) and niav woin 
for up to 2 periods (indexed bv / = 0. 1, respec tiv elv. tor eac h genei a- 
tion) so that at any one date individuals of two genetanons niav lie 
employed. Each individual has a utilitv function fV„. ti). "heie 
<) is work effort and y , is consumption in petiotl /. ft is assumed 
conventionally that U ](•), (/.,(•). (/,,(•) < 0 and T-j(-). !’,(•) '• 0 Em¬ 
ployees maximize expected utilitv. The firm is pet feeds competitive, 
which, in terms of purchasing labor, means that it takes as given the 
minimum expected utility level, U, that its emplovuient contract must 
offer if it is to hire employees and it believes it can hire as mam 
employees as it wishes at that expected utility level. Also, tor exposi- 
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tional simplicity, constant returns to scale are assumed so that output 
is proportional to effort. This allows the firm to choose the optimal 
contract for any one generation of employees independently of any 
other generation. All the results do in fact continue to hold as long as 
the firm's revenue function is concave, but the proofs become more 
complicated and no additional insights arise. The firm’s revenue f rom 
a unit of effort from a period 0 employee will be normalized at one. 
To allow for experience-related increases in skills, that for a period 1 
employee will he denoted v,. The firm is assumed to be able to borrow 
and lend on a perfect capital market at an interest rate (1/r) - 1. 

The firm makes a subjective assessment of each employee's work 
effort, subject to measurement error. In the spirit of the preceding 
discussion, it is assumed that this assessment is not verifiable by em¬ 
ployees. Let f(x ~ r) be the probability density f unction for observed 
effort x given true effort e. T his form makes the implicit assumption 
that the distribution depends only on the error and not on the level of 
c, which simplifies the proofs without losing the essential idea. Also, 
for simplicity, it is assumed that f(x - e) is differentiable and strictly 
positive for all values of (x - e) strictly between its upper and lower 
bounds. In what follows, one can either interpret e as the It ne output 
of an employee and (x - <>) as a measurement etror ot interpret x as 
tiue output related to effoit by a random variable with zero mean. In 
the latter inletpretation the expressions given below for the firm's 
profit are, in fact, just its expected profit. There is one further as¬ 
sumption about wotk effort. As some level of effoit (e.g., whether an 
employee is actually present on the job) is objectively veiifiable at low 
cost and may yield some output, it will be assumed that the firm can 
enfoice some minimum effort level V as a condition of payment. 

The variable r can be interpreted in a number of ways. If employees 
are hired by the day, month, or year, it can represent the hours they 
actually work. If hired by (he hour, it can lepresent how hard they 
work during the hour. On an assembly line job, it can represent how 
well they perform their task, for example, how soon after leaving the 
factory the component they are responsible for needs attention. 
Whichever interpretation is appropriate, it is important to note that 
forms of industrial action such as a “work-to-rule” or a “go-slow" 
would impose a cost on the firm only if actual performance is in fact 
above the minimum the firm is able to enforce. 

In this context, the firm cannot provide an incentive for work ef lent 
greater than e by making the wage paid depend on ,x. Since x cannot 
be verified by employees, such a payment scheme would be unen¬ 
forceable. Indeed, the only payment based directly on a standard that 
is enforceable is a prespecified wage that is paid conditional only on 
effort of at least ?, but, witfi f/j(•) < 0, this would never induce work 
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effort greater than e. However, a payment scheme based on ordinal 
performance can both be made enforceable and provide such an 
incentive. To see this, note that the firm ran offer a contract in which, 
provided they perform at least at the level ?, employees receive one of 
two wages, w i and w 2 , with w 2 > w j. and the higher wage w-> is paid to a 
specified proportion P of employees. As long as the proportion P 
actually paid the higher wage is verifiable by employees, such a con¬ 
tract is enforceable. Moreover, since x and e are positively correlated, 
the contract provides an incentive for increasing work effort provided 
the firm makes up the proportion P who are paid the higher wage 
from those at the top of the distribution of observed effort. The firm, 
of course, has every incentive to do just that. Since P, «>,, and are all 
specified in the contract, it cannot reduce its wage bill by dissembling 
in any way. Falsifying the ordering of employees' observed el fort 
would merely reduce the inc enlive to increase effort without reduc ing 
its wage bill. Moreover, understating the observed cllorl of all em¬ 
ployees has no effect whatever since P, w i, and w 2 , and hence the 
film’s costs, ate independent of the absolute values of the obsetved 
effort levels. 2 

In fact, in the present model specifying P. icq, and ic-> is precisely 
equivalent to being able to specify a value of x, say x*. with all emplov- 
ees having observed effort greater than x* paid the higher wage and 
all those having observed effort lower than x* paid the lower wage, at 
least as long as the firm is sufficiently large that the sampling variation 
in the observed values of x is negligible. 1 hen. making up tin- nnmni - 
non P from those employees at the top of the observed < I 
tion is equivalent to defining x* by 

P = 1 - /Tv* - e). 

where F(x — r) is the lumulative distribution him 
effort. Note that, for the contract to provide a gem. 
effort, P must lie in the range 0 < P < 1 since il < ; 
everybody is paid the higher wage no incentive effe< t inn - 
P = 0 or P — 1, the contract simply reduces to paying a lived wage 
conditional on effort at least as great as e (i.e., payment In a st.uid.ud). 
In fact, of course, there is no need to limit the number ol wages on 
offer to just two. One could have a whole range of possible wage rates 
with specified proportions of employees being paid eath. Since, how- 


' Smelly speaking, if employers had no way of assessing eithet the tine <*i nhsetved 
effort levels of othei employees, they could not actually tell whether the hi m \%asm fact 
rewarding effort, so the firm could save itself the ttouhle of measuimg x In deiei min¬ 
ing those to be paid the higher wage at tandom Implicitly, then, it is assumed that 
employees observe enough of their colleagues' !>e!iayiot eventually to find out it mem 
goes systematically unrewatded That does not seem umeasonablc 
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ever, most of the interesting issues arise in the simple case, such 
complications will be neglected here. 

As was suggested above, one particular form of reward that has the 
characteristics of an ordinal system is a promotion scheme. Instead of 
oflering a 1-period contract with a higher wage going to a specified 
proportion of employees, the firm could offer a 2-period contract 
with the same wage n»o paid to all employees for work in period 0 of 
their working lives and a specified proportion promoted to a higher- 
paid grade for period 1 of their working lives. Then P becomes the 
proportion promoted, w~> the wage in period 1 for those promoted, 
and rei the wage in period 1 for those not promoted. The incentive 
characteristics of such a 2-period contract are similar to those for the 
I-period contract. 

There are, however, good reasons for the use of the 2-period form 
of contract in practice. The 1-period form would require payment to 
be made at the end of the period over which work performance is 
reviewed. Because ranking of employees for payment purposes is not, 
in general, completely costless to the firm, such reviews will lake place 
only at disciete intervals of time. But employees will want lo consume 
during that period and, since firms typically have cheaper access to 
capital markets than employees, it will be efficient for firms to finance 
this consumption by paying in advance of the performance review a 
wage tc'd that obviously cannot depend on the result of that review. 
Payment of the performance-related component will then be used to 
finance consumption in the subsequent period. Since in the present 
model there is no reason for an employee not to work fot the same 
firm in the second period as in the first (indeed, if firm-specific hu¬ 
man capital is at all an important aspect of employment, it would be 
inefficient for him not to do so), the payment of the performance- 
related component of the wage can be treated simply as part of the 
wage for working in the second period. Moreover, since in this model 
there is no reason for firms to set 7e<> higher than the optimal con¬ 
sumption level in the first period, consumption in each period will be 
the same as income in each period. This is what is assumed in what 
follows. 

On the other hand, since employees retire at the end of period 1, 
the 2-period contract cannot elicit work effort above F in period 1 
since no further promotion is possible at that stage. To induce e\ > c 
would require something like a retirement bonus paid to a specified 
proportion of retiring employees on retirement, and without that 
there would be some loss as compared with the sequence of 1-period 
contracts. In fact, of course, however many periods individuals work, 
it is only the final period to which this problem applies so that over a 
long working lifetime the difference becomes negligible. Since the 
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reasons for the 2-period contract appear important in practice, that is 
the form of contract with payment based on an ordering of perfor¬ 
mance that will be considered formally in the rest of this paper. More¬ 
over, since the complications of adding a third period of life in which 
individuals are retired (as would be required to model a retirement 
bonus properly) do not seem to add any essentially new insights, the 
possible use of such a bonus will be neglected. 

In practice, employment contracts are not usually as f ully specified 
as that suggested here. In an uncertain world there are, of course, 
costs to contracts that are inflexible unless they are complete in the 
sense of covering every eventuality. However, even with implicit or 
nonbinding agreements, there are clear advantages to dealing with 
terms verifiable by both parties. It is then immediately obvious when a 
firm is living up to its reputation or when customary procedures are 
being breached. This increases the cost to a firm of “cheating" in two 
ways. First, employee work effort will be adjusted straightaway, rather 
than with the lag that would occur if breaches were not immediately 
obvious. Second, employees can more quickly take other steps, such as 
collective action, to try to rcimpose what they believe to be the implicit 
agreement. This latter aspect has been explored in Malcomson (198(1) 
and hence will not be investigated further here. For the present, the 
terms of the 2-period contract are taken to he explicit and binding 

Work Effort of Employees 

Consider an individual offered the 2-period conttact of the previous 
section with specified values of a'|, no, and /’ in a firm with a ' u je 
number of employees. He will accept the conttact if ' 
utility is at least U. If he accepts the contract, he wot l 
the wage ie ( >. If his observed effort in period 0 is gn 
defined by equation (1), he will be promoted and he • 
in period 1; otherwise he will be offered wage ;<■ t in 1 
large number of other employees his own coniribe 
work effort that, with P, determines x* \ia (1) is i ■ 
determining his e 0 he will treat \* as a paiametei. ( 1 ho o 
analogous to individual agents treating pri<e as a paianuui u. a 
perfectly competitive market.) 

An employee might not, however, wish to continue to woth foi the 
firm in period 1 if the wage he is offered is less than the wage other 
firms would be prepared to offer him for a 1-peiiod conttact in pe¬ 
riod 1 or less than his reservation wage lor not working at all ( all the 
higher of these VV|. With a legally binding contract, the firm might he 
able to force an employee to continue to work, hut ti seems more 
realistic to assume either that it could not or that the costs of enfon- 
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ing the contract are so high that it would not. 1 Define w* = max {ip|, 
W|}. Then the employee will always determine period 0 behavior on 
the assumption that re* is the wage he will receive in period 1 if not 
promoted. For reasons discussed earlier, e t = e always. Hence his 
expected utility, which will be denoted V(e 0 , w () , w*, w 2 , x*), is given by 

F(e», »'o, wf, w-j, x *) = F(x* - e {) )U(ew (h ?, wf) 

( 2 ) 

+ [1 - F(x* - r n )]U(e tu u> 0 , e, w 2 ). 

He will choose e to maximize this subject to et> g e. For an interior 
solution lor e (1> the first-order condition for this maximization is 

f(x* ~ eo)|f/(e ( ,, n/ 0 , e, w 2 ) ~ f'W H>o, ?, u<*)] 

+ F(x* - eaWtieo, u'<„ ?, wf) (3) 

+ [1 - F(x* - «'o. ?. tt'a) = 0. 

It is assumed that the utility function and density function have prop¬ 
erties that ensure that the solution to (3) is unique. Denote that solu¬ 
tion by e* — gfit'o, it'*, iu.,, x*). Then 

e t) = max {r*, ?}. (4) 

Note that, since IM-) < 0 and U .,(•) > 0, there can be an interior 
solution for p ( > only if w 2 > w i and i( j(x* - e () ) is sti ictly positive so that 
there is a positive probability of promotion. 'I his is as one would 
expect. 

Crucial to the optimal contract that the firm offers is how effort 
responds to the variables in the contract. The contract does not, how¬ 
ever, determine x* directly. It specifies P , which, via (1), determines 
x*. As argued above, for an individual acting competitively x* is taken 
as given. But for a firm choosing the optimal contract, a change in P 
affects the work effort of all employees and hence, again via (1), x*. 

I he same applies to changes in u»o, icq, and ur>. Hence the firm is 
interested in the effort supply function with P, not x*, as an argu¬ 
ment. Denote this effort supply function by 

c'o = h(u\ h XU*, XU-2, P). (5) 

The derivatives of h(-) can be found from the first-order condition (3) 
using standard comparative static methods provided the effects of 
changes in effort on x* are incorporated. Note from (1) that, for 0 < P 
< 1, dx*tde = 1 and dx*ldP = — l/fix* — e). For P = 0 and P — 1 ,/(x* 

1 In che present model, unlike that ol < iai michacl (1983), there is no leason loi 
employees to switch firms because of mismatching, so there is no elhciency loss in tying 
an employee to a specific firm for 2 periods. The point here is <omerned with the legal 
problem of preventing employees' switching (or their own personal gain. 
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-?) = () and dx*/dP is infinite. Then 

(i'll + Vis+ V v2 dw 0 + Vyidw* 

( 6 ) 

+ V , tdwy - - V,r ’ dP = 0, 
f(x* ~ e () ) 

where e ( >, not e*, enters the probability density function since it is the 
actual effort of employees that determines .r*. From this, assuming 
for simplicity that the utility function is additively separable between 
periods, one gets the following dei ivatives at an interior solution f or e 0 
and P: 

h\(') = —7 7 1 — § 0 according as U\ > % 0; (7) 

U 11 

M - ) = fix* - 'o) 4p- < (); (8) 

*' 11 

Ih(-) = -fix* ~ e„) -jp- > 0; (9) 

I'll 

, , I'jx* - c„)[b'(c,i, U'„, e, w 2 ) - r(r,i, ic<>, e, u'i )] 

l,V> \Jix* - 

§ 0 according as fix* - r„) § 0 for > if*, 

= 0 for a >2 = «>*, 

where U t must be evaluated at w* for (8) and at u<> fi” 
as expected, increasing w-> raises work effort while in 
ers it. The effect of tc<> depends on the sign of l • 
changing P is more complicated. The crucial elemcn. 
probability density is increasing or decreasing wi 
For /(•) symmetric and unimodal, /t,(-) § 0 according 

P i '/;)• 

The Optimal Contract for the Firm 

Now consider the firm's choice of what contract to offer, ft offers 
employees either 1-period contracts at fixed wages in both periods 0 
and l of their working lives or a 2-period contract with a (banco of 
promotion for period 1. In the latter case it could also lure peiiod 1 
employees on a 1-period contract at a fixed wage bv olfeiing suffi¬ 
cient to attract those who chose not to work, or who woiked for other 
firms, in period 0. 

Consider the 2-period contract denoted by {t<’o. as>. /’}. To attract 
employees this must provide a minimum expected utility level t \ a 
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constraint that can be expressed formally in terms of (2) with the 
effort supply function (5) inserted. For at| S W t , period 0 employees 
not promoted will return to work for the firm in period 1. For W\ < 
H'i, they will not. Hence the firm’s profit for each 2-period employee, 
wi, w 2 , P), for any given 2-period contract is 


7r(te ( ), at|, w<2, P) 


h(w„, Wi, w-2, P) - U'o + r[i,e - Pw •> 
— (1 — P)tei], for tC| g VV|; 

/«(«'<,, W|, w-i, P) — u'o + rP[.S |e - 
for W2 = VF) > W). 


Clearly it could also be the case that w 2 < W|, but this is equivalent to 
setting P = 0 in the lower part of (11) and hence does not need to be 
treated separately. The firm will choose its contract {tc 0 , w j, w 2 , P} to 
maximice tt(-) subject to the minimum expected utility constraint and 
the constraint 0 S /' S 1. 

Now consider the alternative of hiring employees by 1-period, 
fixed-wage contracts only. In this case work effort is always e so, if the 
fixed wages for periods 0 and l are denoted u> ( i and w lt respectively, 
the firm’s profit per employee is 


e - Wo + r(s j e - w,). for w t =£ W,; 
? — u’o, for u’i < W j. 


( 12 ) 


But for any given re,, and re,, (12) gives the same profit as (11) with P 
= 0 since P = 0 implies h(-) = ?. Hence the firm could never be worse 
off by offering the 2-period contract, and therefore only the solution 
for the optimal 2-period contract needs to be considered here. 
Whenever that gives a profit per employee strictly greater for 0 < P < 
I than for P = 0, the 2-period contract is strictly preferable to the 1- 
period, fixed-wage contracts. 

The formal discussion of the optimal 2-period contract is relegated 
to the Appendix, and detailed proofs are presented there. Here the 
results of economic interest are summarized. 

The first result (proposition 1 of the App.) is that for risk-loving 
employees the firm has strictly greater profits per employee from 
offering a contract with the proportion promoted, P, strictly between 
zero and one and u> 2 > w*. The intuition for this is obvious since, with 
risk-loving employees, offering a gamble enables the firm to reduce 
the cost of offering a given expected utility level. This is also optimal 
(proposition 2) for risk-neutral and risk-averse employees provided 
that the marginal utility of income in period 1 is sufficiently large 
relative to the rate at which the marginal disutility of effort in period 
0 increases (i.e., provided — U. t /U t , is sufficiently large) over the rele¬ 
vant range. Again the intuition is straightforward. From (9), for any 
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given P with 0 < P < 1, -U^/Uu determines the rale at which r () 
increases as w •> increases, and if the increase in effort is sufficiently 
large it will more than compensate for the additional wage costs. 

Since a 2-period contract with 0 < P < 1 and w? > w* is a contract 
with payment based on an ordering of employee performance, these 
results establish that, under the conditions of propositions 1 and 2, 
such a contract dominates contracts based on individual performance 
only, of which the only examples available in the current context are 
the 1-period, fixed-wage contracts or the 2-period contract with P = 

0 ,P= 1, or W ‘2 — ui*. Moreover, with 0 < P < 1 and w? > ie*. there is 
genuine internal promotion in the model since only employees work¬ 
ing for the firm in period 0 will be considered for the high wage w-j in 
period 1. New employees enter the firm only at w„ (or at their marv 
ginal product S|? if they worked for another firm in period 0). Hen«£ 
the model generates the characteristics of an internal labor mar Inf 
feature 2 from the Introduction. Indeed, in this model the only Jfd ; 
motion is internal promotion, but that obviously may not be the «c 
in more general models. Vv' 

To see how the model ties up with feature 3 from the Introduction^ 
consider the zero-profit condition that must hold in equilibrium. T his 
is given by setting ir(-) = 0 in equation (11). Note that emplovees are 
free to work for a different firm in period 1 from their emplover of 
period 0 if they can get a higher wage. Moreover, other In ms would 
always be prepared to offer them a wage equal to then marginal 
product in that period so that, as long as there are other firms 1 1 

in which they are equally productive, they would be ' 
that is, VVj S S(?. With w-j > u>\, it follows immediateh • 
brackets in (1 1) must be negative. But in both uppei 
of (11) this term is the difference between margin 
average wage in period 1 for employees on the 2 • 

Hence 2-period employees are, on average, paid r 
marginal product in period 1. This is, as can be seen in i 
0 in (11), exactly offset in present value l>\ their being paid ,* . i ... 

their marginal product in period 0 so that, over their working life, the 
present value of expected wages equals the present value of matgiiial 
product. Hence the ratio of the average wage to marginal product 
rises over employees’ working lives, which is precisely the relationship 
described under feature 1. Whether the real wage itself rises or falls 
between periods 0 and 1 depends on a number of fac tors. Individual 
effort falls since §? e, but this is countered by any experienc e-related 
increases in skill, that is,.v ( > 1. Medoff and Abraham (1980) find no 
significant relationship between experience and productivity within a 
given grade, and for the present model to be consistent with that, the 
experience-related increase in skill would have to just counterbalance 
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the decline in work effort, that is, r 0 = F|?. It then follows from what 
was said above that w 2 > w, > w (> , and hence wages rise with length of 
service. Of course, since c (1 is endogenous to the model, one can ex¬ 
press the condition e 0 = s\e in terms ol the parameters, but there 
seems little to be learned from that. Note also that the variance of 
earnings increases with experience (feature 4) since all period 0 em¬ 
ployees earn te (l whereas some period 1 employees earn u> 2 and some 

* 

M’| . 

In view of the relationship between the wage and the marginal 
product it generates, the model preserves Lazear’s (1979) insight into 
the reasons for mandatory retirement. Formally this can be included 
in a straightforward way by incorporating a third period into the 
model in which an individual’s reservation wage is always greater than 
his productivity. Then, as in Lazear’s model, at the time the employ- 
intjpt contract is made both parties would agree to the contract 
spec ifying retirement at the end of the second period since this gives 
lh® maximum gain to be shared between the parties, but that does not 
jriean that individuals would choose to retire at the end of the second 
period if they were able to continue at their second period wage since 
that wage is above their marginal product and hence may be above 
their reservation wage. This is the essence of Lazear's point. 

It is also interesting to note that, since period 2 employees are paid 
more than their marginal product, the firm would always have a 
short-term interest in laying them off, although it would obviously 
undermine the credibility of the incentive structure if it did so. This 
makes it clear why the firm would be prepared to bind itself to last-in- 
first-out or seniority rules for determining the order ol layoffs and 
redundant ies. 

Next consider the question of hierarchy. At any given date there 
are two generations of individuals employed by the hi m. All period 0 
employees are paid w„ whereas petiod 1 employees are divided be¬ 
tween those earning w ( and those earning As long as the firm is 
not declining in size, it is certainly true that there are more employees 
earning ic ( , than w t or «'•_>. With iv 2 > w i > u’„ there are then ceitainly 
more employees at the bottom of the hierarchy than in either of the 
upper echelons. To have fewer at the lop than in the middle, how¬ 
ever, requires P < V-i, so that there are fewer earning w 2 than wq. 
Conditions under which this happens are explored in the Appendix. 
Unfortunately, I Itave been unable to find a general way to charac¬ 
terize the economic condition's under which it occurs. Certainly tor /(•) 
a normal distribution, l 1 < '/> for a not implausible class of utility 
functions. One example is when the utility function for income in 
period 1 displays constant relative risk aversion between 0 and Vi. See 
the Appendix for details. 
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This shows how the present model can generate the Hrst four fea¬ 
tures of employment structures discussed in the Introduction. The 
fifth is slightly more tricky. The sense in which it fits easily is the 
following. To enhance the distinction between those promoted and 
those not promoted, and hence simplify the employees’ monitoring of 
firm behavior, the firm would wish to label them as two different 
grades, to which the wages ui l and a» 2 are attached. Then the wage an 
individual receives depends only on what grade he is in since in all 
other respects the individuals in the two grades are identical. There is 
obviously no scope for individual bargaining over the rate for his 
grade, since wages in each period do not depend directly on produc¬ 
tivity in that period but, at least for period 1, on the incentive effects 
the firm wishes to generate for the previous period. Moreover, the 
wage for any given grade is not directly related to external market 
wages, though obviously there is an indirect connection through the 
level of utility U that a firm’s contract must offer. The relationships 
among zc> () , nq, and m> 2 are determined by the incentive requirements of 
the firm. This would appear consonant with differentials being deter¬ 
mined by administrative procedures, as discussed in Doe ringer and 
Piore (1971), rather than by external market forces. 

It is not quite the same, however, as wages being attached to jobs 
since, strictly speaking, within the present model everybody is doing 
the same job. That, of course, reflects the simplicity of the model. If, 
for example, one introduced supervisors of the type considered In 
Calvo and Wellis/. (1979), who would have an obvious role to plav 
monitoring 7, it may well make sense for the firm to use those pio- 
moted in a supervisory capacity as a means of reinforcing die deo — 
tion between those promoted and those not promo'. 1 1 

wage paid would be attached not just to the grade but 
which an individual is assigned. 

Concluding Remarks 

It has been shown that the use of contiads with pavn. 
ranking of employees’ performance can be made cnlot.i 
means of providing performance incentives even m a situation ol 
asymmetric information in which employees cannot verifv an cmplov- 
er's observations of their performance so that a contract spec living a 
wage directly dependent on individual performance is unenforceable 
Under certain conditions 2-period contracts with promotion are pref¬ 
erable to 1-period and 2-period fixed-wage conn acts, which are the 
only systems with payment by standard enforceable in the model. 
Note that this result is in no way dependent on the existence of sto¬ 
chastic elements in performance correlated ac ross emplovees and so 
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provides a wider set of circumstances than those discussed by Green 
and Stokey (1983) under which contracts based on an ordering of 
employees’ performance are preferred to contracts based on individ¬ 
ual performance only. Moreover, it has been shown how the internal 
incentive structure of such contracts can generate the five features of 
labor organization outlined in the Introduction. 

It is also of interest to consider the properties of a competitive 
equilibrium in a model with 2-period contracts of the sort analyzed 
here. When the conditions for propositions 1 and 2 in the Appendix 
hold, such an equilibrium is a strict Pareto improvement over a com¬ 
petitive equilibrium with payment based on individual performance 
only. The reason is clear. In a competitive equilibrium with constant 
returns to scale, firms always earn zero profits per employee so that 
they are never worse off under 2-period contracts with promotion. 
But when such contracts give higher profits per employee for a given 
level of employees’ expected utility, an equilibrium with zero profits 
gives higher expected utility for employees. Hence employees are 
better off. 

One final point to note is that it is straightforward to generalize the 
model used here to many different types of individuals. Indeed, if 
one indexes the utility functions, effort levels, and contracts by i, all 
the arguments used above can be repeated for each i. It is, however, 
interesting to note that the different types of individuals would in 
general be offered dif ferent 2-period contracts with different profiles 
of lifetime earnings and probabilities of promotion so that, in prac¬ 
tice, one would expec t a variety of different job ladder structures to 
emerge. 

Appendix 

This Appendix is concerned with (he nature of the optimal contract arising 
from the choice of ii’i, iify, and P to maximize the firm’s profit per em¬ 
ployee, tt(-) defined by equation (11), subject to the minimum expected utility 
constraint and the constraint 0 SfS 1. Note that, given additive separability 
between periods and e, - e exogenous, the utility function may he written 

Tfi’d, Vo, A y,) = U'(f„,y 0 ) + V‘\y i). 

Then the minimum expected utility constraint is given by 

U'[h(u< u , wf, u» 2 , /'), u>„] + (1 - P)U 2 (u>*) + Pf/Vz) § 0. (AI) 

Analyzing this problem is somewhat complicated by the fact that the expres¬ 
sion for profit given in (11) is not differentiable at = WV 

The initial concern is to show under what conditions the optimal contract 
has 0 < P < 1 and w- t > w*. It is useful to define the class of contracts in which 
employees bear no risk. 


Definition: A certainty contrait is one with P - 0, P = I, or = w*. 
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Since for any certainty contract with w 2 = xu* or P — 1 there is always an 
equivalent certainly contract with P = 0, only the latter case need lie of 
concern here. As argued in the text, for a cetlainly contiact e„ = ? always. 

Proposition 1: For risk-loving employees, the optimal contract has 0 < P < 
1 and W '2 > xv*. 

Proof: Any certainty contract can always be written in a form with P = 0 
and ui 2 > tc*. Hence it suffices to rule out that this is optimal. For P = 0, e» = 7 
always. For positive P and w 2 > xu*, work effort is certainly no less than 7. But 
for risk-loving cmployees,_the actuarial cost to the firm of pi milling employ¬ 
ees with expected utility U is less if the wage for period 1 involves a gamble 
than if it is certain, and this can always be a< hieved by raising P and lowering 
icy. Hence there exists a P > 0 that gives at least as much output and lower 
cost than P = 0. 

Remark: The obvious route to proving this result, that is, raising no and 
lowering re , to leave the actuarial cost of wages to the firm unchanged, is not 
always available. The reason is that it may be that tc'i = W| = lor a 
certainty contract so that lowering would merely ensure that employees 
not promoted left the firm and then the firm's profit per employee would 
necessarily fall. 

For risk-averse employees the equivalent result is more complicated 1 he 
reason is that then the firm’s profit per employee always has a local maximum 
at that certainty contract (hat, over the class of certainty contracts, maximizes 
the film’s profits pet employee subject to the expected utility constraint 1 Ins 
is because under a certainty contract the constraint r n 5 r is always strictly 
binding; that is, the solution to (3) always has e* < 7. so that a local variation m 
the contract never increases svork effott and any change in the contiact that 
satisfies the expected utility constraint by introducing a gamble always raises 
the ac tuarial cost of wages to the firm. 1 fence one needs to coiisidei 
on profits per employee of a discrete change in the conn 
the assumptions in the main text, it is assumed that I 
bounded away from zero. The following lemma is used 

Lemma I: For some ()</’< I, there exists a no sue h that ' 
the solution to (3) is e* — 7 for any finite* 7 

Proof: For e* < 7, it lolloivs from (fi) that 

de* = _ = _ _ /(-)f ~ (no) 

dw 2 V'n L’u - ~ f 'o< i o 

For given P,J(-) and ]'(■) are fixed, and there cei tain I v exists a (I <■ /’ - I mm Ii 
that /(•) > 0 and /'(•) > t). T hen, for no > re*. clr*/ciun > 0 and is bounded 
away from zero. Hence there exists a no such that r* exceeds am given 
number 7, so proving the lemma 

Proposition 2: For risk-neutral and nsk-aveise employees, ilu-ie exist util¬ 
ity functions such that the optimal contract has ()</’< I and no > irf loi 
finite 7. 

Proof: Suppose the optimal contract were a certainty conlruc t 1 hen. sinc e 
any certainty contract has an equivalent certainty contract w ith no - u ? and P 
arbitrary, without loss of generality denote the optimal contiact by {rT*,n |. av 
P} with P arbit rary. Choose a P for which lemma I holds and let uTtii'n. u j, /’) 
be the w 2 defined in lemma 1 for which e* = 7. Now consider an mciease in no 
from xu,. This cannot violate the minimum expected utility constiamt. since 


0 
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employees can always choose effort e and he certain of income 5q in period 1. 
For any tin < to*, profit per employee it falls since there is no increase in work 
effort. For any iu-> > w*. 


Air = 




rl’(w 2 — uq). 


But it follows ftoui (0) that, for n> 2 > w*, 

jgii _ _ l(x* - cq )U 2 (u’2) 

fct'2 V I ,(•) 


so that suit e, for given 1\ x* - e is given, 


Att - J(x* - r n ) 



t/it '2 — r/ J (uJ 2 — uq). 


Since there is no restriction on the si/e of U~ (u' 2 )/— U 11 (•). there certainly exist 
utility functions with sufficiently large values of this that Art > 0, contradict¬ 
ing that the cettainty contract was optimal. 

Remark: Formally, imposing the condition that the utility function satisfies 


max 


j(x* - f (l ) 


f M’j* 

V 2 («i 2 ) 

./*) 

L -Un(-) J 


c/un - rP(w 2 ~ uq) > 0 


is sufficient for the ptoofof the pioposition. 

I he remaining proposition to lie proved concents conditions under which 
/’ < Vi. For any certainty contract this is trivial since there is always a pi ecisely 
equivalent contract with 1‘ = 0 that certainly satisfies P < V 2 . Consider there¬ 
fore the othei cases. The firm's profit per employee, tr(-) given hy (I I), is a 
chffercntiahle function of the coni ran variables except at uq - W,. Let X 
denote the Lagrange multiplier attached to the minimum expected utility 
consti .tint (A 1). Then, for any conuact maximi/mg (II) subject to (A 1) wiih 0 
< P < I and u' 2 > u *, the following lirst-ordcr necessary conditions must be 
satisfied, with inequalities bracketed together being complementaiy: 

[I + Xf/!( )1 /?,(-) - I + X(4(-) - 0; (A2) 

[I + KU\(-m-) + (1 - -jrJgO^] l(lV] r Wi , (A3) 

[1 + X(/i(-)]A,(-) 4- P[\U'(u< 2 ) - r) - 0; (A4) 

fl + X(/{(-)]/i4) + {X((/-(ie 2 ) - (/‘(uq)j - r(u’2 - uq)} = 0; (A5) 

T'[/i(-), tel + (1- Df/Vi) + WVa) S V 

X <2 0 

Note from (II) that in the case W| = ijF(i.e , employees would choose to work 
in period 1 at a wage equal to their marginal product), the him would always 
have lower profits for uq < W 1 than for uq = W|. 

Before deriving the remaining proposition it is useful to establish the fol¬ 
lowing lemmas: 

Lemma 2: For risk-averse employees, an optimal contract with uq > uq § W 1 
and 0 < P < I implies 

Xf/ 2 (tcq) - r> 0. KU r (w.j) - r < 0, and I + > 0. (A7) 


(A6) 
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Proof: From (8) and (9) of the text, /)■[(■) < 0 and /i-((■) > 0. For a risk 
averter, U 2 (w |) > U 2 (w 2 ). Heme (A3) and (A4) tan both be satisfied only if 
(A7) holds. 

Lemma 3: For risk-averse employees, an optimal tout rat t with uv > “'i = W t 
implies that X > 0 and hence that the minimum expected utility constraint is 
binding, 

Proof: Follows directly from lemma 2 and the lact that U 2 (•), r > 0. 

Lemma 4: For an optimal contratt with it'i g Wi, 


[ if 2 (tt»i) U r (w,) J 

with equality holding when w, > W’|. 

Proof: Divide (A3) by noting that A 2 (’) < 0 so that the inequality is 
reversed, anti (A4) by /(•*(■). Subtract the latter expression (loin the loiiner to 
give 

(I - L)[X(/-(tC|) - r] _ P[\ i: r (u: 2 ) - >| 0 

M - ) ^i(-) 


or 


r (i - p)v‘ i (if,) 

PL*\w-,) 

2 " . 

1 - p 

l> 

L M-) 

Al(-) 


llo(-) 

/tt(') 


Substitution of (8) and (9) of the text lot ■) anti /ii( l with appiopnate 
cancellation ol terms—note that C' (ic) = (’,<■)—yields the icquiicd ic- 
sult. 

Lemma f>: For an optimal toniiati with ici > IV|, 


rtX 

Ji 7 


[ I ' («'••) 


I _ 

l ' 2 '(u ,) 


o 


actortling as employees are risk averse, usk ncuti.il, or usk lovum 
Proof. Follows liom lemma l and tlelimiions ol usk av, i 
trality, and t isk loving. 


Profosii ion 3: For IVi = s,e, /(.v - <•„) mnmal. I H 
displaying risk aversion and satislving 


V-i 


1 


U- (if,) 


L ~ («>•>) 


!i - rVi)l ■ (;<■, 


the optimal conn at t has I’ < ' 

Proof: Foi any ceitaintv tontiatl there is abvavs an equivalent oiiiii.nl 
with/ 1 - 0, so lor cei lainty tonli.it Is (he pioposilion is ti iv tallv tine fm H. 
= qc, ti'i g VV, always, as argued above, so that lor anv tonliai t oiht i than a 
ceitainty contract, the touch!ions Ini lemmas 2-1 .tie satisfied Fiom (10) ol 
the text and /(.v - r„) normal, it follows that //,(•) = 0 ,ucording as l‘ -- 1 ■ and 
also that, when t/,,,(-) s 0, /,,,(•) v, 0. Hv lemma 2. iheieloie, 

Xi =(l + X('i( )]/,,( ) 2 <* atiordmg as l‘ o 1 ... I Vh 

where X, is defined implicitly. Since lor anv given h’i and us ue-> • .< |) and. m 
particular, an optimal u-, and ie 2 , /i^(-) -» * as [’ -» 0. it follows that X, > ^ as I’ 
0. Hence, since the optimal contract has re. > rf,. V, tan take on anv 
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positive value at the optimal w i and w? for some 0 < P < 'At. But, when (A8) 
holds and for any given ui 2 > icq, it follows from lemma 4 and r > 0 that 

X 2 = \[ (Z J (u>'j) - l/ 2 (u»|)j — >(w-j - w\) < 0 for P — 'A, (A 10) 

where X 2 is implicitly defined, and from lemma 5 that, when w i > W' t , 
dXJdl’ > 0. Hence, at an optimal o»o, w i, and ic 2 , X 2 < 0 for any 0 < P < Vi. 
Equation (A5) re(|uires that, at an optimum with 0 < P < 1,X| = — X 2 , which 
must he the case for some 0 < P < '/•>. But h. H (-) < 0 ensures that there is only 
one P for which this is true at any given w <>, uq, and w 2 . Hence for uq > W| the 
proposition holds. For uq = W,, it follows from lemma 4 that, for any given P, 
uq, and u’ 2 , X 2 > is bounded above by its value for uq > W i, so the conclusion 
holds for that case too. 

Remark: The conditions for proposition 3 are only sufficient conditions. In 
fact j{x* - eo) normal and £/ih(-) § 0 are much stronger than required but 
have the virtue of easy interprelability. Unfortunately I have found no eco¬ 
nomic interpretation of (A8). It is. however, satisfied by certain plausible 
classes of utility functions. One example is the tlass of constant telative risk 
aversion utility functions U J (u<) -■ w“ for VS> < a < 1. 
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Sraffa, Labor Theories of Value, and the 
Economics of Real Wage Rate Determination 


Edwin Burmeister 

t bm'mi/v of Vngtiiin 


Hu- Iciboi theory of value and the question of whether or not a real 
wage rate versus profit rate Uude-ofl exists have been topics debated 
since the times of Ricardo and Mai x. More recently these topit s have 
been investigated using Sraffa's staudaid commodity approach It is 
argued here that such apptouches are basically flawed. However, u 
also is shown that there are situations consistent with pet let t c ornpe- 
tition for which negatively sloped real wage tate veistts profit ot 
intetest tale ttude-olls do exist. I hits, despite perfect competition, 
genuine bargaining situations may arise between workers and own- 
ets of the capitalistic means of production. 


I. Introduction 

It is well known that the classical labor theory of value holds in its 
purest form (i.e., that at every profit rate the ratio of the prices of any 
two commodities is equal to the ratio of their total embodied labor 
costs) if and only if the capital structure of the economy satislies 
Marx's condition for equal organic composition of capital. Under 

An earlier vtisicm of this paper was presented at the I listen v of Economics Society 
(.onvention, May ‘ill -26, 1982, Duke L’mvei sily, Dm ham. North ('.atolma, and some 
passages ate laken Irom a senes of lec lines I gave at the I'nivei sily ol ( Inc ago in 1980 
1 am grateful lor comments and aduce icseivcd from (.aly flecker, II. dregg Lewis, 
Robert t. Lucas, |i , Marjorie H. Mi Elroy, Ron Michenei, and especially Paul A 
Samuelson and John Whitaker, Likewise. suggestions from a leltuee have testified in 
substantial impiovenrenls 1 Ins leseauh was suppoitcd by .MSI- icseanli gianl SKS- 
8218229 

1 A superb reference is Samuelson (1972). wheic the labor theory ol value is ex¬ 
plained with simple numerical examples. Other classic references include Stigler (1978) 
and Ricardo (1968). 
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these stringent conditions, the real wage measured in terms of any 
commodity as numeraire is linearly and inversely related to the rate of 
profit. One of Sraffa’s (1960) contributions was to demonstrate the 
existence of a standard commodity such that if a “real'’ wage is mea¬ 
sured in terms of this standard commodity, then the linear “real" 
wage—profit trade-off is preserved. Accordingly, Sraffa enables one 
to construct a different labor theory of value, upon which vaiious 
notions of exploitation can be based, without the stringent equal or¬ 
ganic composition of capital restriction. 

However, there are several economic objections to Sraffa’s standard 
commodity approach, and I have selected the following issues for 
discussion: 2 

1. Sraffa’s weights used to construct his basket of goods are seen to 
be determined completely front the technology without regard lor 
consumer preferences. 

2. A unique standard commodity does not exist when there is more 
than one production technique available. 

3. No primaly factois other than labor tan be admitted. 

4. Even when there is only one technique of pioduction and labor 
is the only primary factor, generally Sraffa’s standard commodity 
does nett exist when there are durable capital goods; only a subset of 
the possible depreciation patterns will admit a standard commoditv. 

5. Comparisons of alternative steady-state equilibria—the basis of 
most labor theories of value as well as Sraffa’s work—are fictitious 
exercises because they do not reflect the feasible inter‘temporal 
choices open to an economy. 

What, then, are we to make in genetal ol the pro|». 
exists an invetse tiade-off between real wage and i. 
that workers can be exploited by forcing a lower re./ 
higher interest rate? A primary contribution ot this 
how such trade-offs can exist in a perfectly compctr 
technology is piecewise differentiable, the mat gin > 
temporal consumption transformation between an\ tw«' 
provide technologically determined bounds on the real mu u ' 
consistent with perfect competition. I hen it is shown that undei ex¬ 
tremely general conditions an inverse relationship between the leal 


1 It is l frogm/ed that St.ift.i was not writing ill [lie ik'cm I.issu- it u.iditiou .met ih.tl tie 
was aware dial some, in pel haps even all, ot I he c mutinous listed helow t a used voiiiph 
cations Whether or not these complication* veveielv Innii the economic usetulness ol 
Sraffa’s apptoach, or wheiliei the objections discussed line can be dismissed, is a 
matter left for the reader to decide 1 hose interested in teient views mote svmpalhciic 
to labor theories of value are left'll ed to Morisbiina (197:1). f at well (197s). Nell (1980). 
Harcouit (1982). Pans (1982). and Elaschel (1983). though tins list is not meant to Ik- 
exhaustive. 
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wage and interest rates exists between these bounds. Moreover, re¬ 
sults are derived both for any intertemporally competitive path and 
for the special case of a steady-state path. The conclusion is robust 
with respect to assumptions about joint production, heterogeneous 
capital goods, and depreciation patterns and therefore represents a 
fundamental proposition about competitive economies. 

Real wage rate versus interest rate trade-offs do not exist if the 
technology is differentiable everywhere, and the degree of indetermi¬ 
nacy consistent with a competitive path shrinks as the technology 
becomes "smoother.” But in instances where there are legitimate real 
wage-interest rate trade-offs for competitive models, owners of the 
means of production may "exploit” workers by offering only the low¬ 
est wage consistent with the binding inequalities. Likewise, unions 
may exercise “power" by refusing to supply labor at wages lower than 
the highest value consistent with those binding inequalities. Some 
type of game-theory solution is required to resolve this indetermi¬ 
nacy. 


II. Equal Organic Composition of Capital 

As a preliminary 1 shall introduce some familiar notation and review 
the standard technological assumptions implicit in Srafia's model. 1 
Consider an economy in which >/ commodities are produced by them¬ 
selves and labor under constant returns to scale by n nonjoint produc¬ 
tion functions. In the simplest case these production functions define 
a single Leontief-Srafla production technique 



"cil ■ 

• «o., 

«o\ _ 

"11 • 


<1 ) 



a„, . 

• ®»n _ 


where the c/ l; ’s are fixed input coefficients indicating the quantity of 
factor i required to produce one unit of commodity j and where the 
subscript zero denotes a latter input. It is well known that total em¬ 
bodied labor inputs are given by the vector 

«o + n u a + a„/r + ... ~ a {l (l - a) 1 = (l h .... /„) = /; (1) 

see, for example, Dorfman, Sainuelson, and Solow (1958, pp. 253— 


1 For exposilional clarity l shall avoid considering the complications caused by joint 
profluction, except below in Sec. IV where I briefly discuss the problems that arise 
when oldei machines are produced jointly with final output. Interested readers are 
referred to Sainuelson (1983, 1984), Baldone (1984), and Burmeister and Sainuelson 
(1984) 
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54), Bruno, Burrneister, and Sheshinski (1966, pp. 544-45), and 
Samuelson and von Wei/.sacker (1972). It is also well known that these 
total embodied labor requirements are equal to prices at a zero inter¬ 
est or profit rate. To see this fact, write the price = cost condition as 

II 

P, = «<>;W + (1 + r) ^ P,a, r j = 1.n, (2) 

I — I 

where P, is the price of commodity j, W is the nominal post factum 
wage rate, and r is the interest or profit rate, and where tor simplicity 
we follow the first part of Sraffa and postulate a technology with 

circulating capital. Defining the price vector p = (pi . p„) = (P\IW, 

. . . , P„/W), we write (2) as 

p = a,i + (1 + r)pa, (3) 

which has a solution 


p(r) = «(,[/ - (1 + r)a] ', 0 r < r*. (4) 

The assumption that r* is positive is equivalent to the condition that 
the economy is productive and capable of generating positive steady- 
state equilibrium p ,'s at a zero rate of profit. Substituting r = 0 in (4) 
gives the total embodied labor requirements (1), that is. 

p( 0) = /. (5) 

For positive profit rates, steady-stale equilibrium prices given b\ (1) 
do not equal total embodied labor requirements, that is, 

p(r) * l, r > 0. 

However, it still may be true that relative pi ices it 
embodied requirements in the sense that 


To put the matter another way, if relative pi ices aie n 
the profit rate, then they must equal relative prices .11 ilic p... 
profit rale r = 0, and hence they must equal relative total embodied 
labor requirements; that is, if relative pi ices are independent ol 1 , we 
have 


p,(>) _ /MO) _ S v 

p,(>) P,( 0) /,' 

Conversely, the pure labor theory of value expressed bv (7) or (.3) 
cannot hold whenever relative prices change with the profit rate. 
Thus if and only if relative prices do not change with the interest or 
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profit rate r, price ratios are equal to the ratios of total embodied labor 
inputs, as asserted by equation (8) above. 

It is well known that the necessary and sufficient conditions for this 
labor theory of value to hold are exceedingly stringent. They may be 
summarized in the following form. 

Equal Organic Composition ok Capital Theorem: Relative 
prices in any units of measurement are constant for all feasible r if 
and only if (here is equal organic: composition of capital; that is, each 
“labor/value of capital” ratio is the same function of r for every indus¬ 
try with 


» 

X P M K n 

i -1 

Here r* = (l/\*) — 1 and \* is the Frobenius root of the matrix a, is 
(he direct labor used to produce commodity j, and A.’, ; is the amount of 
type i capital used to produce commodity /■ 

One of the many proof's of this result tan be found in Burmeister 
(I980r); it is, of course, originally due to Marx. 

Now let w,(r) denote the real wage rate in terms of the tilt commod¬ 
ity as numeraire; that is, define co,(r) = W/l J ,(r), for / = 1.w. The 

important economic consequence of equal organic composition of 
capital is that then every (ac tor-price frontier, which gives the tiade- 
off between w,(r) and r, is linear: 


—--——- = r* - r, j = I. n. (9) 


w ,(r) = _L = 

PM (1 + >■*)/>* 


I. n. (10) 


These real wage rates decrease from their maxima w,(0) = «„,>■*/( 1 + 
r*), for i - Iat a zero profit or interest or profit rate (r = 0) to 
their minima co,(r*) = 0 at the maximal interest or profit rate (r — >*), 
as illustrated in figure 1. 

Nctw suppose we define a new real wage in terms of any feasible 
consumption basket (c j, . . . , r„) by 

it* 

i — i 


W 


rl 



I - 1 


It then can be shown that for any consumption basket weights, this 
real wage is also linearly related to the interest or profit rate with 

r = r*(l — w), (11) 

provided the labor theory of value is valid (see, e.g., Burmeister 
1968). Equation (11) is illustrated in figure 2. 
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cjj (r) 



Fig. 1.—The real wage rate <*>, is a linear function of (he profit or interest rate r when 
the labor ihcoiy of value is valid. 


r 



Fit. 2 —Linear relationship ljetween the proht rate r and the real wage rate for am 
consumption basket weights when the lalmr iheoiv of \alue is valid. 


Many economists have recognized that in realistic Niiu.it' 
prices do differ from true labor-value ratios (e.g.. i! 

[1958] paper), but there is liulc empirical work u 
with the extent of such discrepancies. However, t! 
deuce implied, for example, by the works of Rtplev .<■ 

Sellekaerts and l.esage (1973), and the survev 1 
strongly suggests huge eirors. 1 

It is also interesting to note that equal organic compost! 
tal is one sufficient condition for aggregation of heteiogeneou> capi¬ 
tal goods into a well-behaved index of “capital" (see fit own and 
Chang 1976; Burmeister 1976. 1980//), 


1 A condition equivalent to equal organic couq/osition ol < .q/ital in dial l.d/oi n n lame 
share (WI.,IP,Q„ wheie Q, denotes the total output of the tilt commodust l>e the \nmr 
function ot the interest late lore.n h i I, . . , n (see Bunneisiei lWth.p ',*’>) t hus 
empirical cross-section data with the interest tale constant and wtdclv dittoing lulxu 
shares are sufOrient to telute (he lalxn theoi v ol s alue, and a glance at national tn< oine 
data provides convincing evidence An altematne simple test lor espial oigaim coiiq/o- 
sition of capital is given hy Pai\s (1(177) 




5*4 JOURNAL OF POLITICAL ECONOMY 

III. Sraffa’s Standard Commodity 

Sraffa’s celebrated contribution was to invent a different “labor 
theory of value” by constructing a new wage measure such that the 
linearity depicted in figure 2 remains valid even when there is not 
equal organic composition of capital. In particular, Sraffa found par¬ 
ticular consumption basket weights (c f,. .., c*;) to define what I shall 
call “Sraffa’s wage,” denoted by w*. This new wage rate measure is 
given by 


1=1 

The remarkable result proved by Sraffa (1960) is that 

r = r*(l - mi 4 ) (13) 

holds even when there is not equal organic composition of capital and 
the ordinary labor theory of value is false. Accordingly, all one needs 
to do is replace w by w' in figure 2, and all the Marxian analysis that is 
based on the linearity of figure 2 can proceed free of the objectionable 
equal organic composition of capital assumption. 

There is, of course, an issue about “what Sraffa really intended.” 
Here I shall merely rest my case with a quotation from Meek (1967, 
pp. 177-78): 

What both economists [Marx and Sraffa] are trying to show, 
in effect, is that (when wager are given) [italics added] the 
average rate of profits, and therefore the deviations of price 
ratios from embodied labour ratios, are governed by the 
ratio of direct to indirect labour in the industry whose condi¬ 
tions of production represent a sort of “average” of those 
prevailing over the economy as a whole. Marx reached this 
result by postulating as his “average” industry one whose 
“organic composition of capital” was equal to the “social av¬ 
erage.” But his result could only be a provisional and ap¬ 
proximate one, since in reaching it he had abstracted from 
the effect which a change in the wage would have on the 
prices of the means of production employed in the “average” 
industry. Sraffa shows that the same result can be achieved, 
without abstracting from this effect at all, if we substitute his 
“standard” industry for Marx’s industry of “average organic 
composition of capital.” Sraffa’s "standard” industry, seen 
from this point of view, is essentially an attempt to define 
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“average conditions of production” in such a way as to 
achieve the identical result which Marx was seeking. 

I shall now turn to why such arguments cannot he accepted. 


IV. Five Fundamental Economic Objections to 
Sraffa’s Standard Commodity 

The economic usefulness of Sraffa’s standard commodity depends on 
whether or not his new wage measure (u>') is an appropriate concept 
in a variety of different situations. In this section I shall discuss five 
reasons why rtf ' is an inappropriate measure of any “real wage,” except 
under highly unlikely circumstances: 

1. Sraffa’s weights used to construct his basket of goods are seen to 
be determined completely front the technology without regard for 
consumer preferences. 

As before, r* = (1/X*) — 1, where X* is the Frobenius root of the 
matrix a and r* is the maximal interest or profit rate at which the 
economy is productive enough to generate nonnegative steady-state 
prices. Associated with X* there is an eigenvector of the matrix a, 
which I denote by x*. Sraffa’s consumption basket weights <* = 
((*, . . . , r*) are defined by 

r* = x* - ax* (If) 

(see, e.g., Burmeister 1908; Miyao 1977). 

Meek’s quoted phrase “when wages are given" must ' 
to mean “when given wages at e measured in teinix ■ 
weights defined through (11) by Sraffa’s standard 
the wage rate measured re’ is not related in any w.e 
or preferences. Srafla’s unique consumption bask< 1 
termined from the technology alone: they are tin 
from the right-hand characteristic vector associan 
benius root of the production technique matrix a. 1 lien 
nomic reason why these weights should be relevant Ini dchmug am 
real wage. 

Thus, for example, Sraf fa’s standard commodity mav requiie that 
we assign relatively large weights in his consumption basket to com¬ 
modities such as steel beams, which are never consumed by humans 
To argue that “the deviations of price from embodied labour ratios" 
(Meek 1967, p. 177) are “determined" when wages, assumed given, 
are calculated using these special weights is an absurd pioposition 
because, except in completely freak cases, any consumption basket 
relevant for an actual economy will bear no resemblance to Si affa's 
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weights that define his real wage w' (also see Burmeister [1968, 1975a, 
1980a), where I previously have called into question the economic 
significance of Sraffa's exercise). (We note, however, that in this 
model all real wage indices decrease with increasing r because WIP, 
decreases as r increases, for all 1 .) 

2. A unique standard commodity does not exist when there is more 
than one production technique available. 

Let r* denote the vector of Sraffa’s consumption basket weights 
when production technique a is employed. Obviously, when many 
production techniques, say a, h, . .., are technologically feasible, there 

exist as many cortesponding sets of weights r*. c’J.and “St aff a 

wage” measures w,',, w), . 

Accordingly, unless only one production technique is optimal at all 
(feasible) interest or profit rates, the appropriate w 3 will vary with r. 
This means that the linearity in figure 2 is destroyed; in its place we 
will find a series of line segments, ft follows that “rates of exploita¬ 
tion” related to the slope of the u>' versus r trade-off will vary with r. 

Likewise, joint production must be excluded. When intrinsic joint 
production exists, as in traditional wool-mutton examples, there may 
exist many steady-state equilibria price vectors at the same profit rate, 
depending on the pattern of final demand for commodities (see Bur- 
meister and Kuga 1970). Since Sratfa ignores consumer preferences 
completely, in such joint production cases no unique w' exists, but 
rather there exist an infinite number of analogous w' measures de¬ 
pending on the pattern of final demand. 

3. No primary factors other than labor can be admitted. 

In essence Sraffa has provided a labor cost of production theory 
since only the production side of the economy is considered. 

Once it is realized that it is the cost of production that is at issue, one 
must question the < hoice of labor as the unique factor of production 
used to measure “value." In general, the vector of labor input coeffi¬ 
cients (a 01 . a c,„) must be replaced by the matiix 



where b, f designates the quantity of the ith primary factor (/ = 1. 

m ) required to produce one unit of commodity j {j — 1. n). If w 

= (u)j, .... w m ) is a vector of primary factor piices, in place of (4) we 
have 

p{w, r) — u>f»[l - (1 + r)a ]" ', 0 r < r*. (15) 

In particular, note that this criticism includes the obviously realistic 
case in which there are many types of heterogeneous labor inputs 
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since these different types of labor inputs may be included in the b 
matrix and their corresponding wage rates in the vector w. Even at r 
= 0, at best one could have a valid “primary factor theory of cost,” 
and that would require knowledge of relative primary factor prices. 
Since these primary factor prices are determined in general equilib¬ 
rium and are not independent of demand, such a “piimary factor 
theory of cost” must be rejected (see Burmeister 19756). This obser¬ 
vation is absolutely fatal for all attempts to construct a theory of 
“value” based on labor alone, or a theory of value that is independent 
of the demands and preferences of economic agents. That realistic 
economies are simultaneous general equilibrium systems is a com¬ 
plicating fact we cannot deny. 

4. Even when there is only one technique of production and labor 
is the only primary factor, generally Sraffa’s standard commodity 
does not exist when there are durable capital goods; only a subset of 
the possible depreciation patterns will admit a standard commodity. 

The first part of Sraffa’s I960 analysis is based on a discrete-time 
circulating capital model where every capital good is completely used 
up during each production period. In University of Virginia lecture 
notes 1 have shown how Sraffa’s results can be genet alued to the case 
of exponential depreciation. Moreover, I allow depreciation rates to 
depend on use, so that the deprec iation rale for steel can be larger in 
the machine tool industry than in the candv industry. Essentialh, 
these generalizations are proved by considering net outputs and 
showing that the equilibrium pi icing relationships can be pi edit ted 
by another unique circulating capital model, l he interested leadet is 
referred to Satnuelson (1985), where mv results aie cIimU" 
tail. 

Unfortunately, however, the exponential deprec 
is only one of a subset of special cases lor which 
commodity exists. For many patterns of capital gnc 
some interest rates the price of a used machine will 
the production techniques employed to produce 
change with the interest rate. This fact means that «>!>-< ic 
applies when durable capital goods exist, although loi a omcni, 
reason. These and other issues are discussed m a sc-iies of papeis b\ 
Samuelson (1985, 1984), Baldone (1984). and Buimeistei and S.tin- 
uelsoti (1984); they are not central to the wage \eisus piofit late 
trade-offs derived below in Sections V and VI. I he concluding para¬ 
graph of Samuelson (1985) summarizes the problem: " 1 he complex¬ 
ities are in the nature of things, not a fabrication of the equilibrium 
analyst. Only the modern paradigm of general equilibrium—as be¬ 
gun by Smith and Ricardo and as improved by Walras, Fisher, I’areto. 
Dimitriev, von Bortkiewic/., von Neumann, Debreu, Arrow, Ueontief, 
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and Sraffa—can do justice to the realities of technology and arbi¬ 
trage.” 

5. Steady-state comparisons ignore the relevant intertemporal eco¬ 
nomic alternatives. 

Both Sraffa’s standard commodity and the Ricardo-Marx labor 
theory of" value involve comparisons of alternative steady-state 
equilibria. Thus, for example, different points along the w-r line in 
figure 2 represent different steady states. These points do not accu¬ 
rately reflect the set of feasible alternatives open to an economy that 
happens to find itself in some particular steady-state equilibrium. 
“Comparative dynamics” does tell us how the original steady state 
compares with alternative steady states, but the set of possible steady 
states does not constitute the relevant choices open to an economy. 
Rather, starting from a particular steady state or from any other 
point, the set of technologically feasible dynamic paths (all having the 
same initial conditions) constitutes the feasible choices open to an 
economy. 1 Some of these feasible paths may converge to a steady state 
in either finite or infinite time, but in actuality such convergent paths 
constitute only a proper subset of the feasible options. In any event, 
an economy cannot move instantaneously from an initial steady-state 
equilibrium to another steady-state equilibrium, except perhaps in 
freak cases; a movement from one steady state to another involves a 
transition path of at least one time period duration. Thus labor theo¬ 
ries of value restricted to steady stales do not capture the relevant 
choices open to an economy. 

V, Feasible Alternatives and Wage Rate Determination 

We shall now f ree ourselves of the steady-state straitjacket and exam¬ 
ine some economic properties of the relevant dynamic choices open to 
an economy. By so doing we can sketch a realistic mechanism of wage 
rate determination in competitive economies. 

Because our interest is in what determines the real wage rate, we 
shall consider models with a single primary factor, labor; otherwise it 
would be necessary to consider a more complex model as outlined in 
remark 3 of the previous section. Our focus is on relevant intertem¬ 
poral options open to an economy, and for expositional convenience 
the discussion initially will be limited to a one-sector economy. How¬ 
ever, as we shall see in the next section, the results generalize to the 
case of heterogeneous commodities. 

The technology is exceedingly simple. Inputs of k! and /' at the 
beginning of period t produce output y <4 1 at the beginning of period 


' This point has been recotpiized by Robinson (1975). 
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1+1 (or end of period t). Output is divided into consumption and 
capital input during period t + 1: 

y+l = f /+l + *' +l . (16) 


The production set consists of the set of feasible vectors 


S' = {(/ + \A‘, /')}. 


(17) 


The usual assumptions are made about the properties of .S'. 1 ’ 

Present value commodity and factor prices are denoted by p‘ anti w', 
respectively. Thus the condition for (discounted) profit maximization 
in period t is simply that the present value of outputs minus the 
present value of inputs be maximized at given (/*' *" 1 , />', w'), that is, 
max (p' +l • y' + 1 — p' ■ k! — w‘ • /'). 

A feasible path P is termed competitive if there exist prices (p 1 * 1 , p', 
w 1 ), for all I, such that// g 0 and p‘ 0 for all ((nonnegative commod¬ 
ity prices); w' g 0 and w‘ ^ 0 for all / (nonnegative primary factor 
prices); the primary factor is fully utilized (/, = 1); and along the path 
P the associated vectors (y 1 * f', /') are profit maximi/ing at these 
prices; that is, for all / and for all vectors (v' * '.A', /') 6 S' we have 


//* 1 - r' +l + p ,+ ] •?' 


• /' g // 


• v 




t <•'•/'. 

(IK) 


Competitive paths as defined are nothing but dynamic paths along 
which the economy is always in general equilibrium, and steads states 
are but extremely special cases. 

In general, what economic properties are exhibited b\ 1 ■ • 
paths? I shall examine the following experiment. < 
omy following a competitive path P. In period I tie 
This capital input during period I yields output s ’ 
alternative feasible path P that is identical to P ev 1 


" I he following i spiral assumptions die nude about the pi* 
lion sel S', they .nc slated in such a wav that >'* \ A'. and /' m e 

Assimim ion 1 I heie exists some {y' 4 \ A'. I') E S' wilin' ‘ 1 »' ip* ' 

is possible), and d (>•'* \ 0, 0) 6 V, then y 1 * 1 - 0 (no |>osui\e nuipm wnli .. 

Asst: Min ion 2: .S' is a dosed, convex set containing the ougm no iikiumiii; it 
turns and (0, 0, 0) E S' 

Assumimion 3. II (v' * \ A', /') E S', A' > A\ and /' l 1 . then theie exists some o' ’ 1 

A', l 1 ) E S' such that y 1 * 1 > v' * 1 (capital and the putnaix lactoi aie pioductivci 

AssUMn ion 4. If (>'*'. A',/') E V, then foi am X ^ 0 wr aKn h.ne (\\'' 1 KK‘ \/')E 
S'(constant returns to m ale). 

Assi'Mpiion 5: It (v' + 1 . A'. /') E S', A' * A', /' > I', and \' * 1 ^ \' ’ 1 -* h. then iA'. / ) 
E S ' (free disposal). 

7 One should be caicful, however, to avoid the false mteience that Midi paths ate 
consistent only with lice competition (lompclitivc paths ate consistent with the mdi 
nary notion of Iree competition with perfect foresight, hut other institutional hums 
(e.g,, central planning) also arc consistent with the pinch technical definition of a 
competitive path. 
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/ f'. /(' P, and r' ‘ 1 ^ r' 1 1 that is, I am assuming that consumption 
along the two paths is identical for all time periods except in periods t 
and / + 1, while the capital stocks are identical for all lime periods 
except period l. ( Hie competitive path P may represent a steady state, 
but this case is very special.) Economic common sense suggests that it 
(' is lower than c\ then this “consumption sacrifice” will enable the 
economy to enjoy a f' ^ 1 larger than <' 1 1 . Indeed, not only is this 
intuition correct, but also the ratio of the consumption differences in 
periods / + 1 and / provides bounds on the ratio of present value 
prices. 

To make matters precise, we must define the rate of inlet temporal 
(consumption) transformation between periods t and I + 1. The left- 
hand marginal rate of intertempoial transformation between peiiods 
t and t + 1 is defined as 


lim ( 

■V'-.o ' \ 


Ac M ' \ /_ Ac'"' 

Ac' ) l A(' ) ' 


Ac' 


(ID) 


Note that this limit is defined as Ac' approaches zero through positive 
values, and hence it is the “consumption sacrifice" case in which r 1 < /. 
Similarly, the right-hand marginal rate of intertemporal transforma¬ 
tion between periods / and I + 1 is defined as 


lim 

a/— o 



Ac' M V 
A, 1 ) 


( 20 ) 


Right- and left-hand marginal tates of transformation are illus¬ 
trated in figure T The economy is initially at point A on path /’ with 
consumption c‘ and r"T However, the alternative feasible path P 
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allows a “consumption sacrifice” with c' < c' , and the economy then 
benefits by having c' M > c'. Thus the point B in figure 3 is on the 
alternative feasible path P, and the slope of the line segment AB is the 
left-hand marginal rate of intertemporal transformation. 

The feasible alternatives for this experiment can be described by a 
production function 

c' f 1 + k' +l = G(k' + c‘, k', k‘ (21) 

which is concave and homogeneous of degree one. 8 Along any feasi¬ 
ble path P, dk' + dc' = 0 and dk‘ * 1 = dk' 1 = dt' = d/' 1 = 0. I hits 
when (<’(') is differentiable, 

dr l+ 1 +<) = <;,•<) + G 2 dk' + 0 + 0 + 0 


or 


dr ,+ [ 
dr 1 


-= G, 



s 1 + ,', 


where r' is the (own) interest rate over period t. When G( ) is not 
differentiable, it follows from the well-known relationship between 
directional detivatives and the subgradient set that 


(I + '')„„„ 


\ Ac' ) = //“ 


1 + 




= ( 1 + .,x- 

C22) 


The latter provides the fundamental bounds on (otitpetif 
and hence the interest rate for the path P.‘‘ 

Now let the real wage rate j<•'///* 1 be denoted 
differentiable, the real wage rate is given In 

ay'* 1 _ r)(r' 1 1 + ') . r _ a 1 ' 

dt' dt' " ]>' ■ 

When (*(•) is not differentiable, it again follows Iron 
concave functions that the real wage rate is bound* 

^mm “ = 10 M , lx . 


Since (*(•) is homogeneous of degree one. m all cases tluu i> 


H 1 am giateiul to a leleiee toi suggesting the simple j»i»»«»ts In low whuh air mi- 
mediate (onse(|iiences nt the pio|>eitics o| (ins piodut(inn tuinimn 

III other woids, m the spate oi feasible toiiMimptiun at mm s / and t *■ l the slope 
ot the liade-oll Meet I not l>c the same tioin eath tlueitiou. as .u point \ m hg 4 tlu 
competitive rate ot mteiest is thus Ixmnded h\ these* slopes 

I assume that is a post (actum wage late used to putt base gotxls piodmtd 
during period t at prices ft 1 * 1 : bent e u ,l, ft '' 1 is the tonet t me.isuie ol the i eal wage i ate 
Weie wages paid at the beginning ot penod / tdi the pint base ol goods pioduted 
during period / - 1 at prices ft 1 , nothing essential would Ik* abend evept that the 
straight ling segment in fig. 4 would lx* replaced In a negameb slojx'd tune 
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Ho 4 —When the possibility <>( teal wage rale indeterminacy exists, the marginal 
rate ol inleilempoial tiansl'oiillation provides technologically determined bounds on 
the interest late that hound the values ot the teal wage tale that are consistent with 
competitive equilibrium, independently of whether or not the economy is in a steady- 
state equilibrium 


profits along every competitive path. Thus even when the real wage 
rate is determiner! only tip to the bounds given by (24), it is still true 
that w' + (1 + r')k' — constant and 

~ = -k'. (25) 

clr 

The segment of the line labeled SS in figure 4 represents this trade¬ 
off between the interest tale and the real wage rate when a point such 
as d in figure 3 is selected. It holds even when the economy is not in a 
steady-slate equilibrium. 11 

VI. The Case of Heterogeneous Capital Goods 

The existence of heterogeneous capital goods is known to destroy 
many simple neoclassical parables, and it is important to establish that 
our essential conclusions do not depend on a one-sector formulation. 
I he production function for our experiment can Ire described by 

c' M = F(c‘, A" \ l\ l' ’), (2b) 

where k' is now interpreted as a vector of heterogeneous capital goods 
(k\,..., k‘ u ). 12 Similarly, now// = (p\,. .. ,//,). while the price of the 
single consumption good c‘ is denoted by p' t . 

11 In a steady-slate cquililu iuiu with r" 1 = c' ■ r, k‘' 1 = k' » k, ui' = ui' + 1 «* u>. and 
r" 1 = i' ® r, we have oi = w'/p' M = c - rk, dto/dr = -k Also see n. 12 below. 

12 Note that F (•) has been defined with k‘ netted out. 
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The own rate of return for the tih capital good is defined by 


r 



1. 


Except in a steady-state equilibrium, the n own rates of return and the 
own rate of return for the consumption good, r‘ — (p 1 ,Ip 1 ,*') - 1, need 
not be equal. However, by an argument exactly analogous to that in 
the previous section, 


So)' 


P\ 


i 


pr l 


k'„ i = i, 


it, 


(27) 


where the partial derivative is taken with the price ratios p',* l lp',' ' held 

constant for all i = 1.w. 11 Thus in general we see that there is a 

negatively sloped linear relationship between the real wage rate and 
the own rate of return on every capital good. 

The assumption of steady-state equilibrium simplifies matters in 
this heterogeneous capital case, for then r' = i‘* 1 s r. to' = to'* 1 = o). 

k\ = k'* 1 ss k„ and r\ = r' = (p',lp', + ') - 1 = / for all t - 1.it; that 

is, in an efficient steady-state equilibrium quantities are constant and 
all n + I own tates of return are equal. Thus, using p\ = p',* [ ( 1 + >') 
and 




£_ 

pr 


k, = V. 


it follows from the zero-profit condition that 


to - r — rv. 


Hence 


So) 

~Sr ’’’ 

where the partial derivative is taken keeping the \u. 
constant. Figure 4 immediately may be reinterpreted .in ... , 

steady-slate trade-off between the real wage late and tin u.,. 

sumption good) interest rate; the slope of this trade-ofl is - , between 
tmm and r m;lx . 


• We .ire still considering a i hnice ot <' al a "kink " sin li as I >' Mill \ in hg 1 dins < 1 

c', k‘„ and k ‘,' 1 are all constant hv assumption. 

M Note that tor any steady-state equilibrium with c‘ - <'' 1 = f. a ie.il wage late \s 
profit tale irade-otl exists it and onls d them is a lank along the TV line in tig 
otherwise r is uniquely determined hv The slope <>t the Irontiei atihec' - < 1 ' 1 < |*>ini 

Accordingly, we see that such ttade-olfs mas he observed inoie often out ol steads - 
state equilihyum 
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VII. Concluding Remarks 

We have come a long way from Sralfa’s analysis. In particular, (1) 
There is no restriction to steady-state equilibria; any competitive in¬ 
tertemporal path is allowed. (2) Technological change is admitted 
since the production set .S'can changeover time. (3) Consumer pref¬ 
erences about intertemporal consumption have a role in determining 
the real wage rate or the real wage rate versus interest rate trade-off. 
(4) Joint production and heterogeneous capital goods are allowed. 

Given this framework, I have identified situations in which legiti¬ 
mate interest rate versus real wage rate trade-offs exist. As illustrated 
by figure 4, classical and neoclassical economic intuition is confirmed: 
When a trade-off exists, lower real wage rates are associated with 
higher interest rates, and vice versa. 

Most important, note that along a trade-off frontier such as .S.S’ in 
figure 4, no quantities c hange. This fact means that we have identified 
a genuine bargaining or conflict situation between workers, on the 
one hand, and owners of the capitalistic means of production, on the 
other. Within this framework we can tell realistic tales about owners 
of the means of production "exploiting” workers by offering the 
minimum real wage rate <c)(, lm . 

But theie is a symmetry; workers may exercise “union power" by 
refusing to supply labor at real wage rates lower than Clearly 

some type of game theory or “class struggle” solution is required to 
resolve this lemnining iudeterminac y. 1 ‘ Moreover, this indeterminacy 
is consistent with competitive paths and much of modern neoclassical 
economics. How impottant the issue is depends on the technology. As 
the technology becomes “smoother,” with more and more feasible 
production techniques, the range of indeterminacy shrinks, and it 
vanishes in the limit if the technology is differentiable. 

However, even if there is a short-run trade-off between wages and 
profits, it is not clear whether or not a higher wage rale at (lie expense 
of a lower profit rate can be sustained in the longer run. Although a 
metre complete model would be required to examine this question in 
detail, presumably there would be a shift of capital resources away 
from sectors of the economy with lower profit rates to those with 
higher profit rates. Thus in the long run supply conditions might 
provide stricter bounds on the wage and profit rates consistent with 
competition than the short-run bounds derived in this paper. 


1 ’ 1 lie results ot tins paper mav be mtcipietccl as pmc idmg one leioniili.iliuii hc- 
tueen perfect competition and some ot Akeilof’s teceiit theories about labor con¬ 
tracting (see, e g, A Let lot l<)82) 

I am grateful lo l‘aul A Sumttelson for {Hunting out to me lhal long-nm competi¬ 
tion might shrink the wage vs. piofit lale bounds deuced alnice 
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I conclude, therefore, (hat workers and capitalists may stand in 
conflict, but (revolutions aside) competition restricts the outcomes to 
well-delined bounds, and these bounds may be very small, especially 
in the long run. 
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Bequests and the Size of Population When 
Population Is Endogenous 
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The consequences of interfannly bequests and endogenous popula¬ 
tion si/e for optimal anti competitive population sues and liequesis 
are explored when individuals' utility is a function el own consump¬ 
tion, the number of children, and the welfare ol their children 
When a bequest benefits each memlier of a sccond-geneiation fam¬ 
ily, we show that competition leads to underpiovtsion lor lulttre 
generations. Under a separability assumption, the number ol chil¬ 
dren is also shown to be too large. 


I. Introduction 

In this note we consider the problem of a uitlitv-m • 
when utility depends on own consumption, number • • 
indirectly, on children’s welfare through the bequest* 

A novel feature of our approach is that the welt,tie • 
family depends on the bequest of both the child 
spouse. Because each family deiives utility from the beep.. 


We wish to thank Hh.iii.in I lelpni.iii. Mm lav Kemp, and |olni Mcllm w nh w Ivni "e 
have had useful conversations on die topic ol this note I his i e-a-ai»h was suppoi n d In 
grants fioin the National Institute on Aging to Northvceslei n t imet'itv nut the I m- 
versity of Pennsylvania and from the l S.-lsiael Hiii.kioii.iI Si iriue found.ilion in 1 cl 
Aviv University Pait of Nerlove's connihmion was undcitaken .11 the Intel national 
Food Policy Kcseaich Iiisliuue 


1 Journal of Pohtuul Fionom\, | ( )H4. \t»l *1'2, m» 

*0 IMK4 hv I lie 1’imeiMtv ol I liu-ig'* Ml i irIhs ii’stwiI S4'i , JOi-ootn»$t*l ’vd 
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families through marriages, Pareto optimality can be attained only if 
the parents are free to bargain with one another about what each 
child’s family will leave to its children. This was true in biblical times 
when parents negotiated Neduniahs (“doweries”) and Mohan (“bride 
prices") with one another. But in those days parents had certain prop¬ 
erty rights in their children. In modern times, when so much of 
parents’ bequests is in the form of human capital, property rights 
such as these are difficult or impossible to enforce and marriages are 
not “arranged” in this manner by parents. If the children are free to 
choose and marry for “love,” that is, on the basis of considerations 
unrelated to bequests, and if bequests are determined prior to the 
choice, then we show that the level of bequests will be less than a 
symmetric Pareto-optimal allocation. We also show that under a suit¬ 
able separability assumption, the number of children each lamily 
bears is larger than a symmetric Pareto-optimal allocation. 

We emphasize that here we consider only the question of allocative 
efficiency among members of the hist generation (parents); that is, 
the social welfare is the individual parent’s and the children enter 
only through their parents’ utility functions. I'lie implications ol al¬ 
ternative social welfare functions have been considered elsewhere 
(Nerlove, Ra/in, and Sadka 1982c). 

II. Formulation 

Let there be two families in the current generation and only two 
generations. The problem may lie formulated as follows: c, = the 
consumption of the ith family, », = the numlter of children of the ith 
family, b, - the per child bequest of the ith family, R, - the resources 
available to the ith lamily for consumption and bequest, i — 1,2. 

I he total bequest of two children who man y one another will be 
the sum of the bequests to eath child, that is, b { ■+- b-,. If eat h family's 
utility function, it, is identical and if each family is subject to the same 
resource constraint, R , each will behave in an identical manner, so the 
number of children available to marry each other will be identical (no 
singles and no incest). Thus, the ith family chooses r,, w„ and b, so as to 
maximize 

«(c„ n„ b i + b 2 ) (1) 

subject to the resource constiainl 

R 2* r, + b,n„ (2) 

where b r ; # i, is taken as a parameter by the ith family (parametric 
externalities). It is assumed that u is strictly increasing in consumption 
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and bequests, but not necessarily in number of’children. 1 A competi¬ 
tive (Nash) solution is a (i-tuple (f|, iti, b\, c 2 , n 2 , t> 2 ) such that (c„ n„ b,) 
solves the problem defined above, i = 1,2. Because of the assumed 
symmetry, we have c\ = c 2 = c,b , = b 2 = h, and fq = n 2 = n. 

III. Pareto Optimality and Individual Maximization 

A symmetric Pareto optimum (<*. n*, b*, r*, n*. b *) is obtained by a 
simultaneous choice of (<■], n )( b lt r 2 , » 2 , b 2 ) so as to maximize 

it(fi, n i, b { + b 2 ) + u(c 2 , n 2 , b\ + b 2 ) (3) 

subject to 

2R s* r, + b ) «| + c 2 + b 2 n 2 (4) 

and subject to the symmetry condition c\ = c_», rq = n >. It | = b<>. 1 his 
amounts to finding a Pareto-optimal solution in which each faintly is 
treated equally. 2 

A straightforward comparison between the necessary first-order 
conditions of (1)—(2) and those of (3)-(4) reveals that the two solu¬ 
tions, the competitive and the symmetric optimal solutions, differ 
(provided we are not at a corner). Observe that if, in the competitive 
case, marriages are “arranged” in such a way as to be a sv mmetric 
solution to a cooperative bargaining game (non-Nash), there will be 
no difference between the competitive and socially optimal solutions 

IV. Bequests in the Two Cases 

Since in the competitive solution each family lgnoicv n- ■ • 
to the welfare of the other family thiough its hequ. 
marrying the children of the other family, one wo. 
little is bequeathed in the competitive solution .o 


1 rile utility him turn need not lie iik teasing tsenwlieie in >,. it is , 

strut I plausible til ilit v June lions that aie noi. Foi example. wiw. /*, « !•>) u | <, (1 » 
«,), m„ b | + 6J; ic, utility depends on pci capita family tonsumpunn m the ‘im 
generation (see Neiloxe, Ra/m. and Sad ha 19K2M At the internal 'ohmon. u til 
always Ik* increasing with n since children have a |x>siti\e cost b ^ 0; see rq (2) 

2 I his symmetric Paieto optimum is also a wnmwiiie. social optimum when the 
child lens welfare enteis the social objective function onlv as an atgmnrnl in the pai- 
ents* utilities and not independently, see Neilovc ct al (I982u) fm alternative social 
welfare functions. A solution to maximizing (3) sufiject to (-4) will not neecssaiih lx* 
symmetric, without imposing furthei conditions, because (-4) is not convex m b and n 
and u is not necessarily concave. 
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symmetric optimum, that is, b *£ b*. This is indeed the case. 3 To prove 
this, suppose to the contrary that b > b*. Then 

u(c*, n*, b* + b *) — u(c*, n*, b* + b) < 0, (5) 

because u is strictly increasing in b. But 

«(<-*, w*, b* + b) — u(c, w, b + b) < 0, (6) 

because (c*, n*, b*) satisfies (4) and hence also (2), and (c, n, b) max¬ 
imizes u subject to (2). Adding (5) and (6) yields 

u(c*, n*, b* + b*) < u(c, h,b + b) 
in contradiction to the Pareto optimality of (c*, n*, b*). 

V. Number of Children in the Two Cases 

In this section we compare the number of children in the two solu¬ 
tions. Notice that the bequest b is the “price” of children in the budget 
constraint (2) or (4) (see Becker and Lewis 1973). The implications are 
as lollows: First, since b is lower in the competitive solution, children 
are essentially “cheaper.” Second, there is a lower real income (wel¬ 
fare) in the competitive solution, due to the externality; thus, if chil¬ 
dren are a normal good, the income effect tends to counteract the 
price effect. Third, since, in general, the level of bequests affects the 
marginal rate of substitution between children and family consump¬ 
tion, the projection of the indifference map in the r-n plane must 
shift. I herefore, it is impossible to draw any general conclusions 
about the relationship between ri and ri *. 1 

When there is weak separability between (c, rt) and b, there is no 
shift in the indifference map for consumption and children. In this 
special case the price effect dominates and we can show that the 
competitive number of children is larger than the optimal one (n > 
n*). To see this observe that weak separability means that u(r„ n„ b t + 
b 2 ) may be written as f/[<j>(r„ ft,), b t + b 2 ]. Therefore, (r*, n*) must 
maximize 4>(r, n) subject to R 3= c + nb*, while (c, n) must maximize 
4>(c, «) subject to R & r + nb. Assuming that <f> is not such that n is a 

1 1 he reader who is (amiliar with the literature on externalities would notice that this 
result follows from the assumed symmetry in this note (see Buchanan and Kaloglis 
1963, Diamond and Min lees 1973; Sadka 1978). 

* Distributional criteria telated to bequests aie discussed in Nerlove et al (1982c) 

I here wc show that, in the absence of an externality associated with bequests, maximi¬ 
zation of a Benthamite social welfare function (sum of parents’ and children's utilities) 
will lead to an optimal population always larger than a Milli.m social welfare function 
(per capita utility of parents and children). However, the laissez-faire solution (maximi¬ 
zation of parents' utilities only) may lead to a population larger than the Benthamite 
optimum or smaller than the Millian optimum. 
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Giffen good, it follows that n > n* because b < b*. Without the as¬ 
sumption of weak separability, it is easy to find examples of plausible 
utility functions for which the socially optimal number of children is 
less than the individually optimal number. For example, if utility is ol 
the form U[c„ min (b\ + b< 2 , «,)], n < n* because b < b*, and there are 
fixed proportions between bequests and the number of children. 

VI. Concluding Remarks 

In this note we identify a source of market failure in the provision of 
parents for their children. If parents do not take into account the 
effect of their bequests on the welfare of families to whom they are 
potentially related by the marriage of their children, they vs ill be¬ 
queath too little. In this case bequests should be subsidized on 
efficiency grounds rather than taxed. Under the assumption of weak 
separability of bequests in the parents’ utility function I rout familv 
consumption and number of children, the less than optimal level of 
bequests is associated with too large a rate of population growth. 

We arc concerned here only with market failure due to the poten¬ 
tial externality introduced by bequests. The optimal population size 
and level of bequests under alternative social welfare functions have 
been considered elsewhere (Nerlove et al. 1982c). 

Finally, we note that the externality identified here applies not onlv 
to bequests in the form of physical capital but, especially, to bequests 
in the form of investments in the human capital of children. It is the 
latter that effectively prevent establishment of a svstem of propel tv 
lights of parents in children that would eliminate the extern.ilitv 
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The Decline in Male Labor Force Participation: 
Comment 

Robert II. Haveman and Barbara L. Wolfe 

I'nfvt’TMfx of WtAfonun—Madison 


In an article in this Journal, Batsons (19H0ci) analyzes the doubling in 
the rate of nonparticipation in the labor force of older men since 
191b. Using c ross-seetional data from the National Longitudinal Sur¬ 
vey (Parties et al. 1970) in an index function model of the labor force 
participation decision, he tests the assettion that the withdrawal of 
older males is attributable to the rapid expansion of alternatives to 
work provided by the Social Security Disability Insurance (SSl)l) pro¬ 
gram. He reports an elasticity of nonparticipation with respect to the 
replacement rate of SSD1 benefits of .03 1 and concludes that the 
recent decline in labor force participation can be ‘largely explained 
by the increased generosity of social welfare transfers, particularly 
Social Senility disability payments’’ (p. 130). 1 he magnitude of Par¬ 
sons's estimate and its impact on the public debate over disability 
transfer policy require careful scrutiny of its basis. In Section I, we 
describe Parsons’s econometric model and consti uclion ol variables; 
in Section II we provide a critique. In Section III, we test the robust¬ 
ness of Parsons’s elasticity estimate by presenting alternative estimates 
based on corrections and extensions of his basic model. Section IV 
concludes. 

lilt 1 able research assistance ol Mmliell Post .nut the econonieliu help ol Atthtir 
Goldbergei are guilefully ,11 know lodged. David Bel win. Sholdoll Ilan/iger, Chits 
Hum, Aitluir (loldbeigei, Jacepics van dor (king. James Heckman. |eilni!er Wntlick. 
Aaron Kudo. Jesse l.evy. and an anonymous teteiee ol tins /nuttint ptovnled helpful 
c omments 

1 In a companion paper (Parsons I’lHOi), Paisons estimates an elasticity tuple this 
value using the same data base but a chfteient time pel tod and a slightly dtHetent 
cconomcti ic specification 
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i 

Parsons employs a probit version of a discrete choice econometric 
model of the form 

LFP, = f{SSB,/W„ MORT,, WELJW,, UR„ AGE,, e,), 

where l.EP, is a dummy variable equal to one if individual i is a labor 
force participant and equal to zero if individual i is not a labor force 
participant; SSB, is social security benefits available to individual r, IV, 
is is hourly wage rate; WEE, is the annual welfare payment in ;'s state- 
divided by the number of families in /’s state with annual income less 
than $3,000; MORT, is an index of the mortality experience of /, taken 
to represent health status; UR, is the fraction of the year i spent 
unemployed; AGE, is t’s actual age in the year considered; and «, is a 
normally distributed error term on observation /. Both a linear form 
of this model and a model allowing tor interactions between MOR I , 
and SSRJW, and WELJW, are fitted. 

The basic data set contains observations on 3,210 males aged 45-30 
in 1066; the dependent variable is the labor force status of these men 
in 1069. l he 1066 values of the primal y \aiiables are used to it-duce 
censoring pioblems, although those obseications without a leported 
1966 wage rate ate apparently ex< hided. IV, repiesents the 1066 value 
scaled up to the 1969 level by a factor representing the giowtli in pet 
capita income ovet the 3-year period. Parsons estimated S SB, from 
extrapolated values of IV, using the 1969 statutory toimula for pri¬ 
mary SS1)I benefits. 1 he variable MORT,, taken to represent disubilitv 
status, is a weighted average of moitahty dummy v.mables based on 
subsequent mortality in each of the years 1969-76. UR '' i I'lOh 
value, AGE, a 1969 value. 

Column 1 of table 1 reports Parsons's results. ,M' 
are significant and of the expected sign. The coeii .. 
taken by Parsons to confirm his hypothesis leg.iid., 
effects of SSDI benefits and seises as the basis h 
male, which is also reported in the table 

II 

For several reasons, we believe that Parsons's results aie unit-liable 
and that his large reported elasticity is misleading' fust. Paisons's 
replacement rate variable (SSli/W ) confounds the sepaiale impacts 
that labor market and disability’ transfer options have on the panic!- 


' I he- — .03 flaw it nv estimate in table I is I lie ies|xiiise m it inisul p.n u< i|>.iii<ui with 
tespett u> itu- icpl.ucment rale, il is etpiiv.ileni u> i tit- lit its|Kuis t - tm ooi 11 >.n 11< ip.i- 
litm rt-ptirk-tl t>> l’aisons 
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pation decision. While true expected disability benefits depend on a 
variety of factors such as severity, number of dependents, other avail¬ 
able programs, and work history, the numerator of Parsons’s replace¬ 
ment rate (expected primary beneficiary SSDI payments)'* is a mono¬ 
tonic function of, and hence highly collinear with, the denominator 
(W). By neglecting other factors determining expected disability 
transfers. Parsons has specified a model in which labor force partici¬ 
pation depends on a proxy for the wage rate divided by the wage rate 
itself . Has he found that high expected disability benefits reduce par¬ 
ticipation or merely that high expected wages increase it? 

Our second criticism concerns Parsons’s choice of the disability 
transfer income variable ( SS/i ), which is the numerator of the replace¬ 
ment rate. Ideally, in modeling the work/nonwork options confront¬ 
ing individuals in a utility (income) maximization framework, it is 
desirable to specify the full, nonlinear structure of the budget con¬ 
straint they confront. For several reasons, this is extremely difficult, if 
not empirically impossible, in the disability transfer case. There are 
numerous programs providing disability benefits—some public, some 
private; some means tested, others that limit earnings; some with 
benefits dependent on severity of disability, others with benefits re¬ 
lated to prior earnings; some with federally determined benefit levels 
and eligibility criteria, others with state-based benefit and eligibility 
determination; some subsets of progiams are integrated, others are 
not; the application costs of some programs are high, lor others the 
cost is zero; some disability benefits are taxed, others are not. More¬ 
over, multiple benefit recipiency is common. Facing these constraints, 
an alternative strategy is to model the choice as dependent on total 
utility, perhaps proxied by total expected income flows, in the various 
options. 

While Parsons’s model follows this latter strategy, the numerator in 
his replacement rate is a seriously deficient indicator of expected 
utility (income) in the disability option. The imputed value of this 
benefit is obtained by transforming the observed hourly wage rate in 
one year (1966) into the payment made to the primary beneficiary 
through use of the statutory benefit formula. This value totally ne¬ 
glects dependents’ benefits that accompany the primary benefit 
award. Because Parsons imputes this value to all individuals in his 
sample, the extent of the underestimation of even SSDI benefits is 
greater than the observed .84 ratio of primary to total benefits for 
1980 SSDI recipients, as a smaller percentage of the recipient group 
are married. Moreover, in addition to SSDI, disabled individuals re- 

’ 1 he numeraloi is nbi.iimil from the 1116!) sMlulory SSDI benefit 1 01 inula oil ihc 
basis of the KKib obseived wage rate multiplied by a constant lo yield a monthly wage, 
whicli is then adjusted by (lie rate of growth of [>cr capita personal income to yield a 
covered wage for prior and subsequent years. 
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ceive benefits from a plethora of other programs—Workers' Com¬ 
pensation, Veterans Compensation and Disability, Black Lung, Medi¬ 
care, and a variety of private benefits. Indeed, in 1980, SS1)1 benefits 
were less than one-third of total federal disability transfers (excluding 
Medicare and Medicaid) and a still smaller share of total benefits, 
public and private. Parsons’s SSB variable excludes all of these flows. 
Insofar as Parsons’s expected disability income variable captures only 
a fraction of the total benefits associated with being a recipient, the 
elasticity implied by its coefficient will be biased upward as an estimate 
of the impact of SSI)I on participation. 

Third, as noted above, Parsons’s model requires that all observa¬ 
tions included in the sample have a reported wage rate. Observations 
without this measure—primarily those with long-term absences from 
the work force—are excluded from his analysis, creating a potentially 
serious sample selectivity problem and a f urther source of bias in the 
estimate of the effect of expected SSB benefits on participation. 

Further, Parsons imputes SSDI benefits to all older males in his 
sample, a procedure that assumes implicitly that each individual 
either is eligible for SSDI benefits or can make himself eligible at zero 
cost. In fact, eligibility for SSDI benefits is conditioned on the demon¬ 
stration of “total and permanent disability" and requires evidence that 
no substantial gainful activity (i.e., earnings in excess of $300 per 
month) is possible 1 As a iesult of this eligibility assumption, the ex¬ 
pected disability transfer income imputed to individuals exceeds their 
true income expectation in (his option, again biasing the coefficient 
on the replacement rate. 1 

Finally, the vector of control vaiiables m Paison^' 
simonious at best—age, a subsequent moitalilv-h. 
index, the unemployment rate, and an index ol •• 

Where are the variables reflecting f amily strut tut e 
and needs that are standard control variables in < ■ 
and work force participation research.-' 

Although the net ef fec t of the biases from these . 
lion and specification procedures is a piiori unknown n 
on the replacement rate—that variable on which Pat sons uva im 
policy-related assertions—can hardly be considered iciiahle. 


1 Indeed, in I97t>. of those who appiaised ihcmselvc* as mi! In u nth ills.titled to 
waridiH applying, and tints willing to heat the tost* of apphing I<m s> 0 I benefits 
(including a 5- month waiting petiod dming which no substantial gainful aili\il\ is 
perfoinicd), only 45 percent were aetuallv awarded benefits 

r> A fuithei source of bias is c reated by the use of the 1‘dbb obscivtd wage as the basis 
for constructing SSB f hose individuals who lx»th woik in and icteive SSDI 

benefits will lend to have an ohseived 19f)t) wage Ili.it is biased downwaid due to 
earnings limitations and, as a result, an imputed SSB value that is income t since 
the unputcci \ 4 h 1 e is not based on earnings prior to receipt of liencfits 
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In this section, we test the robustness of Parsons’s results, showing the 
impact on his estimated elasticity of participation response from cor¬ 
recting the misspecifications and erroneous imputation procedures 
that we have noted. Our purpose is to suggest the magnitude of the 
biases implicit in Parsons’s procedure rather than to argue that the 
corrected estimate from his basic model is definitive. 6 First we repli¬ 
cate his results using an alternative but richer data base, and then we 
alter his model, seriatim, so as to measure the effect of each of the 
corrections. We employ the sample of males 45-62 years of age in the 
1978 wave of the Panel Study of Income Dynamics (PSID). The longi¬ 
tudinal nature of the PSID data enables prior actual and imputed 
wages to be obtained and a disability indicator that reflects the severity 
of impairment to be constructed. The size of our sample is substantial, 
though smaller than that of Parsons (741 vs. 3,219). As a result, our <- 
statistics are likely to be somewhat smaller than his. 

Our replication of Parsons’s model is reported in column 2 of table 
1. The disability indicator is an index of the severity of currently 
reported disability and substitutes for Parsons’s index of subsequent 
mortality. The coefficient estimate on the replacement rate is very 
close to that of Parsons (.006 vs. .005), as are those for most of the 
remaining variables. Our replication implies an elasticity of labor 
force participation of - .021, compared with Parsons's -.030. Our 
smaller asymptotic /-statistic (1.59 vs. 2.48) is due in part to our 
smaller sample size, and the positive coefficient on WELIW is ex¬ 
plained by the rapid growth in state welfare payments and the de¬ 
crease in the number of families with incomes below $3,000 from 
1969 to 1977. The correlation between SSB and W is .61 and between 
SSB/W and VV is .76, indicating a serious multicollinearity problem in 
Parsons’s replacement rate, the crucial variable in his analysis. 

The impact of this multicollinearity problem is shown in column 3, 
where the numerator (SSB) and the denominator (IV) of the replace¬ 
ment rate are entered separately into the model. With this specifica¬ 
tion, designed to test the direct impact of transfer benefit generosity 
on labor supply, controlling for the wage, neither the transfer benefit 
nor the wage variables have an asymptotic /-statistic in excess of 0.6. 
Some of the variation in LFP attributed by Parsons to benefit generos¬ 
ity is, in fact, attributable to variation in the wage rate. 

In column 4 of the table, we alter Parsons’s model in two ways. First, 
a replacement rate in which the numerator (SSBD) includes both the 


b In subsequent restart li, we have estimated a multistage rational rhoice model ot the 
elfed of all disability transfer income on wotk status that avoids the estimation ptob- 
lems of the Parsons paper (Mavcman and Wolle, in press). 
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primary and dependent benefits is substituted for SSfi. 1 Second, con¬ 
trol variables reflecting family structure, other household income, 
and normal occupation are added. These alterations reduce the co¬ 
efficient on the replacement rate to about one-fourth of its value in 
column 2 and drop the /-statistic to a highly insignificant - 0.43. 1 he 
elasticity measure falls to — ,0069. M 

The effects on Parsons’s estimates of his failure to address the 
selectivity problem are shown in column 5. To correct for potential 
selectivity bias, a probit equation predicting the presence of the ob¬ 
served wage in 1975 was (it to the entire sample. <J Using the inverse 
Mills ratio from this equation along with vaiiables representing age, 
experience, education, race, and disability status, an OI.S equation 
was fitted to the observations with a reported 1975 wage. Using this 
equation with reported economic-demographic characteristics, we im¬ 
puted a 1975 wage to those observations without a reported wage 
(Heckman 197b). Then we fitted the Parsons model to the larger 
sample. The impact on the replacement rate is again negative: the 
coefficient falls to —.0032 and is insignificant. ( I he asymptotic^ 
statistic is -0.85.) The elastic ity falls to - .018.’" 

In column b, for Parsons's disability transfer variable we sulwryite 
one which incorporates an estimated eligibility probability comimpmal 
on the individual’s health status and other characteristics (P.S'.S'fll -71 In 
this specification, the tnulticollinearily problem is de mih»hov£ 0^)? 
hence the expected transfer income and wage variables aie enf^etT 
separately. While both the transfer and wage variables have the ex^ 
petted sign, neither has an asymptotic /-statistic in excess of (I 9 l he 
elasticity on the disability transfer variable falls to - non? 


7 1 Ins substitution reduces the imiltKolliiRMim ptohlem 
SSBD and W is M 

H A spot ih< at ion with dependents benefits added but without 
indicates that the additional dependents heiirlils alone have i i, 
coefficient on the replacement iate falls to - 0026 (- 08t>> n 
- 0012 

'* The variables included in the probit and their aswnpiou /-m.*. 

( — 2. lfi); duminv vaitable for not inained and no c luldt cu ! > 
variable for married and no children - I <0 87). vears of work e\pciiem< ,*><<1 i 'u » 
(3 55); years of schooling (-0 18); dunum variable tor bl.u k ! ( 1 <*i> age in 1 ‘ *7-1 

times years of schooling (0 3d), dunum variables foi Piotestaut 1 ( 1 S0», ( athohi 

= l (- 1 75), and Jewish ”• 1 ( -0 30), and petcentagr disabled in |07 \ t - S *7 1 
10 The coefficient, aswnptotic ^-statistic. and elastic its fall to 0015, 0 V*, and 

0076, respectively, when the additional council vaiiables ate added to die iiuhWI 
u flic expected probability of eac li individuals eligibility for Innehts mipmed 
using the coefficients from a pi obit equation explaining the ac » epiam e-dcmal tin im« 'ii> 
fora group of 45-62-veai-old male i event applicants lot YM>1 benefits un ludecl m die 
1078 Social Sec untv Administration Sui vev of the Disabled tM)) \ .u whies tv ailable > n 
both the SI) and PSll) files, including age. education, mariial status, race, and disabilm 
status, were used Front the estimated coefficients, adjusted to ictlm the high piopm- 
tion of liencfulai les on the SI) file, we imputed to car h ohsei vanon on die f'M l> file an 
estimate of the probability of l>eiiig eligible lot SSDl benefits, having applu*d 
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Finally, in column 7, we combine several of the corrections. The 
expected benefits/expected wage split is maintained, and the eligibility 
adjustment, the selectivity correction, and the additional control vari¬ 
ables are included. This combination of corrections to the Parsons 
model suggests a still lower likelihood of a serious negative effect of 
expected SSD1 transfers on the labor force decision. The value of the 
asymptotic f-statistic for the coefficient on the expected benefits vari¬ 
able is a very small —0.48, and the elasticity on the expected benefits 
variable is - .0056, one-fifth of its value in our replication of Parsons’s 
model. 12 

One remaining issue should be mentioned. Parsons’s results are 
limited by the inadequate subsequent mortality measure of disability 
status he employs. This index is a weak proxy for work limitations— 
the primary consideration—since numerous work-related impair¬ 
ments have little relationship to subsequent mortality. As Parsons has 
pointed out elsewhere (Parsons 1982), no ideal measurement exists in 
survey data. The most common of those present in survey data are 
self-reports of disability, and such measures may well be endogenous 
ht.author supply model (Chirikos and Nestel 1981). While our repli- 
catioh of Parsons’s results uses such self-reported information, it is 
able tb measure the severity of the reported disability condition. 
Moreover, recent studies have indicated that self-rcpoi ts of health are 
stable over time, are highly correlated wilh medical doctor reports, 
predict future medical evaluation better than the earlier physician 
assessment, and show no evidence of exaggeration of health problems 
related to being out of the labor force (Maddox and Douglass 1973; 
Waldron, Heroic!, and Dunn 1982). Nevertheless, neither health vari¬ 
able is likely to be anything more than a crude proxy. 

IV 

Parsons’s coefficient estimates are employed in a simulation model 
that, he finds, closely tracks the increase in the older male nonpartici¬ 
pation rate from .051 to .084 over the 1968-76 period. From this, he 
concludes that the increasing generosity of SSDI benefits accounts for 
most of the decrease in participation. In fact, this simulation says 
little about the causal relationships among these similar time-seiies 
patterns. Because of changes in the age composition of the labor 
force, labor market opportunities for older workers, the incidence of 


12 As in iht- col. 6 variant, imiltKolluieariiy is noi a pioblem in tins specification It in 
addition to these <orici lions to I’aisons's incxlel we included the imputed dependent 
benefits in the expected transfer income variable, the sign of the disability nansfei 
variable reverses, but no statistical stgnihcance is indicated 
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work-related impairments, the level of employment and earnings 
of spouses, the application of eligibility standards, and the coverage of 
private pensions, none of which are reflected in Parsons’s simulation, 
his conclusion is unwarranted. 

Indeed, Parsons’s own elasticity of — .03 indicates that the absolute 
impact of, say, a 10 percent increase in benefits (with the wage rate 
held constant) is only about 45,000 older males, 0.3 percent of an 
older male work force of nearly 14 million. Reliance on this elasticity 
value to suggest that “the decline in labor force participation is the 
result of increasingly attractive alternatives to work’’ (p. 131) is mis¬ 
leading at best. Indeed, the corrections of his specification and pri¬ 
mary variables presented in this paper suggest that SSDI benefits 
have only a small adverse labor supply effect. 1 '* 
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Disability Insurance and Male Labor Force 
Participation: A Response to Haveman 
and Wolfe 

Donald C). Parsons 
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The percentage of adult males 45—54 years of age who are out of the 
labor force rose from 4.5 percent to 8.7 percent between 1947 and 
1982. A gieat deal is known about this unprecedented rise in nonpar¬ 
ticipation in the labor force of middle-aged males, much more than 
would be apparent from reading Haveman and Wolfe's comment. 
Substantial evidence has accumulated that the labor force participa¬ 
tion of middle-aged males is sensitive both to the characteristics of the 
social security disability system and to labor market alternatives. 1 

Haveman and Wolfe’s empirical iesults are an anomaly in this body 
of literature. Their generally insignificant empirical results are appar¬ 
ently not the result of the specification issues they raise but rather of 
their unfortunate choice of data set. An earlier study by Leonard 
(1979), for example, was almost identical in design to the Haveman 
and Wolfe analysis yet resulted in paiameter estimates and conclu¬ 
sions remarkably similar to my own. Haveman and Wolfe’s sample 
unfortunately is one-half the size of Leonard’s sample and one-fifth 
the size of mine and apparently lacks detail in the crucial health 
measure. 

1 he issues Haveman and Wolfe raise are issues of variable mea¬ 
surement. They do not take issue with the f undamental choice struc¬ 
ture underlying my empirical model, an expected utility framework 
discussed in Parsons (1980«). Since the disability system requires that 
the individual be incapable of “substantial gainful activity," potential 
applicants face a labor force participation decision, not a marginal 
hours variation decision. A standard expected utility analysis leads to 
a probit model for the probability of labor force participation (/. FP ) 

1 See pauitularly Landu (1979), I.ando. Coate. and Kraus (1979), Leonard (1979), 
Paisons (1980 b, 1982a, 1982i, I982r), and Marvel (1982). A more detailed summary of 
recent sonal security disability estimates is available on reqttesl from the author. 


[Journal of Pttliueal Etonomy. |9R4, vnl ( P2, no 3] 
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of the form LFP = /•'(/), where F is the cumulative normal function 
and I = I(W, UR, B, 4>, //, Z) with W = wage rale, UR = unemploy¬ 
ment rate, B = benefit level of disability insurance, 4> = probability 
that a disability claim will be accepted, // = index of health condition, 
and Z = vector of labor supply factors. The form of the index func¬ 
tion varies, of course, with the form of the individual’s utility func¬ 
tion; a Cobb-Douglas form, for example, implies a log-linear index 
function with the log of the replacement rate (B/F) as one of the 
arguments. Generally researchers have not assumed a detailed knowl¬ 
edge of the individual’s utility function and have instead estimated a 
linear approximation to the index function. 

Suggested Modifications in Variable Measurement 

Haveman and Wolfe suggest refinements in the measurement of the 
individual’s wages, benefits, and likelihood of a successful disability 
claim. Their concern about my wage measure is, 1 suspect, the result 
of their misunderstanding of one of my related papers on this subject 
(Parsons 1980/;), which they cite but perhaps have not read carefully. 
Obviously there is a general measurement problem with the wage 
variable since individuals who are not working have no observable 
wage. In the paper on which Haveman and Wolfe comment, I use (3- 
year) lagged wages to reduce the potential selectivity problem, al¬ 
though truly long-term nonparticipants would still be undertepre- 
sented. In a related paper (Parsons 1980/;), however, I use an 
instrumental variable approach much like the one tliev - 
find that the estimated nonparticipation elasticity 
social security replacement rate is larger, not sp 
mate based on lagged wages. Leonard used lagg< < 
but had lifetime earnings records from social se c 
did not have a selectivity problem; virtually all 
point. 

The question of the disability award probability c- 
The result of an elaborate adjudication process, awatd i. 
unobservable for most individuals in this sample. Since the piim.uv 
criterion is health condition. I estimated and repented a model that 
included an interaction term for health and the replacement rate, this 
alternative specification did not affect mv conclusions Both 1 eonard 
and Haveman and Wolfe use a more elaborate mstiumcnt tor the 
award probability, based on social security records of acceptance and 
denials of applications. If one assumes that those who apply foi dis¬ 
ability benefits have the same unobserved chat actet istic s as those who 
do not, this is appropriate. Otherwise a sample selectivity ptoblem 
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Finally, Haveman and Wolfe make a number of suggestions for the 
measurement of benefits. They make what appears to be an incorrect 
statement that the possibility that I measure only a fraction of the 
returns to nonparticipation will inflate my elasticity estimate. 2 Of 
more substance, they argue that benefits should be entered separately 
from wage rates, rather than as the replacement rate. Clearly since 
benefits are computed by social security based on past earnings, a 
multicollinearity problem exists here. Leonard avoided this problem 
by entering expected benefits (award likelihood times benefits), not 
henefits, in the model, and he entered the two variables separately. 
Haveman and Wolfe follow a similar strategy. 

Leonard and Haveman and Wolfe also include potential dependent 
benefits in their benefit measure. A spouse 62 years of age or older or, 
more frequently in this age group, dependents 18 years of age or less 
could receive benefits based on the male’s disability claim; in recent 
years such benefits have comprised approximately 17 percent of 1)1 
trust fund disbursements. This suggestion is superficially appealing 
but raises substantial problems of estimation. Considerable evidenc e 
exists that family structure and therefore dependent benefits them¬ 
selves depend on the disability status of the male head (Franklin 1977) 
and in a subtle way on the male’s labor force status as well (Marvel 
1979). More careful consideration of family effects is certainly war¬ 
ranted; the simple inclusion of dependent benefits in the benefit mea¬ 
sure may not, however, lead to superior estimates. The relatively 
small magnitude of these payments suggests, moreover, that the esti¬ 
mates may not be sensitive to the precise handling of this concept. 


The Consequences 

Although the suggested refinements of the variable measurements 
would appear to be modest, the impact on the estimates of the model 
is ultimately an empirical question. What, then, is the consequence of 
incorporating Haveman and Wolfe’s proposed modifications.'’ Appar¬ 
ently very little, if one accepts Leonard’s estimates. Leonard reports 
an elastic ity of nonparticipation with respect to expected social secu¬ 
rity benefits of 0.35, roughly comparable to my own estimates of 0.49 
(based on the lagged wage approach) and 0.93 (based on the instru¬ 
mental variable approach).' 1 The independently estimated wage 


2 Haveman an<l Wolfe remark, “Insofar as Parsons's expec led disability income van- 
able captures only a It action of the total benefits associated with being a iccipienl. the 
elasticity implied by its coeffic tent will lie biased upward as an estimate of the impact of 
SSDI on participation." 

1 The elasticity measures leponed heie differ from those reported m (he original. 
The incorrect labor force participation mean was used in the computation ol the 
participation elasticity in the elasticity estimate reported in Parsons (I'.IHOa). A minor 
error in the wage instrument ol Parsons (19H06) has also lieen corrected. 
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coefficient is roughly equal in magnitude and opposite in sign, sug¬ 
gesting that the coefficient constraint implicit in the use of the re¬ 
placement rate may he of no substantial consequence. Even the some¬ 
what lower estimated elasticity may be the consequence of l.eonaid's 
use of a self-reported health measure. In recent papers, Parsons 
(1982a) and Anderson and Burkhauser (1983) demonstrate that self- 
reported health measures are determined jointly with labor force 
participation for individuals in this age-demographic group and that 
the inclusion of such measures biases toward zero the estimated in¬ 
centive effects of social security benefits. Leonard recognized this 
problem and used the responses to quite detailed health condition 
questions to eliminate the crudest sort of response bias, but some 
problem may remain. 

Haveman and Wolfe, of course, also estimated such a model, al¬ 
though on a much smaller data set. Even their “replication" of my 
original model resulted in no economic variable significant at custom¬ 
ary levels, a finding quite at variance with my work and Leonard’s and 
also with that of others who have undertaken research in this area.' 
Even the unemployment rate, which has been found to aflect labor 
force participation and disability application rates in a wide range of 
cross-section and time-series analyses, is insignificant in Haveman and 
Wolfe’s model. 

The relatively small size of their data set would not seem sufficient 
to explain these differences. Haveman and Wolfe’s anomalous esti¬ 
mates are more likely the consequence ol the health measure thev 
introduce into the model. The measure, “an index ol tin 1 seventv ol 
currently reported disability," is never defined pietist lv 
not possible to comment on it in detail. I ! 
justification) problem with the use of a self-iepoi 
in labor supply equations has been recognized It 
man and Wolfe justify their use of the sell-reportt 
ence to two papers, one a tabular analvsis ol t 1 
behavior of older women (Waldron, Herold, am 
the other no more than a demonstration that self -1 < [>• ■ ■ 
frequently accord with clinical measures (Maddox anil iiougi.o> 
1973). At the same lime thev ignore recent evidence tepoiied In me 
and by Anderson and Burkhauser that the use ol sell-iepoi ted health 
measures introduces serious problems into the estimation of lalxir 
supply models for the demographic group in question, older males. 
In any case, the absence of any significant economic el fee is in their 
“replication” model makes the subsequent sensitivity analvsis a cmi- 
ous exercise, from which one can extract little of interest. 

4 See the rcfcieiuos cited ill u I. all ol which lepoii stiong and wgmfii.iiii dwahilitv 
program and market effetts in lalxir force pann ipation oi wki.i1 wi hi tu reopieim 
models. 
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not, however, divert attention from the (act that substantial progress 
is being made tcrward understanding the economic determinants of 
middle-aged male labor force participation and disability recipiency. 
This demographic group is sensitive to the economic rew'ard struc¬ 
ture of the disability program and the market. 
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Import Competition and Respume. Edited by Jagdisii N. Bhacwati. 

Chic ago: University of Chicago Press (lor National Bureau of Economic Re¬ 
search), 1982. Pp. ix + 410. $82.50 (cloth); $15.00 (paper). 


4 he rapid incursion of imports into markets long dominated by domestic 
pioducets has raised urgent policy questions in the United States and 
Europe. Whether and how tational governments should respond to changing 
inlet national competitiveness is now a central issue for public debate in the 
major industrial nations. Yet while policymakers have been forced by circum¬ 
stances to improvise means for coping with the rapid growth of imports, 
especially imports from Japan and the newly industrializing countries (NICs), 
theorists have tended to locus their energies elsewhere. 

Impoit Competition and Response may be the first major collec tion of papers 
attempting to provide some theoretical guidance (or a policy response to 
rapidly changing conditions of ttade. The volume, which results from a May 
1980 conference of the National Bureau of Economic Research, contains 
contributions by a number ot well-known theoiisis. The purpose ol the con- 
feience was to develop theoretical perspectives on the alternative policy re¬ 
sponses to import competition. Not surprisingly, the theoretical papers 
largely represent new twists on themes already introduced in olhei plates. 
1 he result, as the editor evaluates it in the preface, is a volume addressing a 
number of theoretical issues that are “fairly novel and which also bear on 
policy questions, in many cases fairly directly." Thus, those seeking im¬ 
mediate polity relevance are apt to be disappointed, and in any case the 
i onli ibutions are too tec hnit al to exert a direct influence in policy c ire les. But 
lot economists concerned with narrowing the conspicuous gap between 
themeiteal prescriptions and the actual policy process, the book oilers ample 
food for thought. 

f he first four papers analyze the role of policy in the adjustment ol an 
economy to a change in the international terms of trade. Mirhael Brunei’s 
model of macroeconomic adjustment with wage-price rigidity demonstrates 
that the effect of import competition cannot be treated without considering 
the prior state of the economy. Thus, according to Bruno, increased import 
competition from NICs during the 1970s had a magnified consequence for 
macroeconomic performance because it occurred while the industrialized na¬ 
tions were still reeling from the effects of oil shocks. 

Wage stickiness is also assumed by J. Peter Neary in a new variant ol the 
two-sector model with sector-specific capital. Neaiy shows that with wages 
sticky both upward and downward, the economy’s adjustment path may be 
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characterized by a temporary fall in national income evaluated at world 
prices—a possibility he calls "immiserizing reallocation" of productive factors. 
Neary assumes also that the reallocation of capital between sectors depends 
only on current rates of return, even though those rates are changing as 
adjustment proceeds. It is apparently the interaction of this myopia with 
sluggish wages that accounts for the temporary fall in income. 

Michael Mussa’s model also highlights the constraints on the speed of capi¬ 
tal adjustment. However, Mussa does this through an explicit cost in terms of 
labor of moving capital between sectors, rather than simply assuming, as 
Neary does, a finite rate of adjustment that depends on relative rates of 
return. The focus of Mussa's analysis is the potential role for government in 
the adjustment process. Mussa shows that, in the absence of distortions, pri¬ 
vate maximizing behavior produces socially optimal, albeit gradual, adjust¬ 
ment. However, the mere presence of distortions is not sufficient to ensure 
that intervention in the adjustment process will improve matters. 

What is striking in these three papers is the almost negligible attention to 
issues of distribution. As Alasdair Smith suggests in his comment on Mussa, it 
is debatable whether a model in which income distributional issues are absent 
can do justice to real-world motivations for intervention in the adjustment 
process. Yet arguments for real-world polities often do claim precisely that 
intervention is required for reasons of economic efficiency; indeed, the role 
of these policies in redistributing income is usually soft-pedaled by their spon¬ 
sors. One would thus like to be sure that the policy-minded reader comes 
away not only with Neary’s message, that in a world ol distortions a case for 
adjustment assistance on purely eificiencv grounds can be constructed, but 
also with Mussa’s more complicated conclusions, which point to the limited 
value in achieving efficiency of policies commonly advocated to facilitate ad¬ 
justment. 

In contrast to the other three, income distribution is the centerpiece of 
Peter Diamond’s analysis of trade adjustment assistance. Diamond’s model is 
based on an industry such as footwear, m which a fall m the world pn<e has 
produced wages below those elsewhere m the economy. In this context he 
weighs the roles of subsidies to workers remaining m the impm' ” ;> ■ v-i 
industry, which increase social welfare bv redistributing mu., 
sidies to moving costs, which piomote appiopiinte ad, 
world price. However, it is interesting to juxtapose the- 
Richardson’s evaluation of actual trade adjustment as-., 

States under the 1 rade Act of 1971, in the "empiiuat i 
end of the book. There Richardson points out that the . 
after 1974 went to workers earning abo\e-a\erngc uu . a 
as autos. By Diamond's logic, workers in the auto nidus' 
taxed, not subsidized. Richardson also points out that a t,,, 
workers eventually returned to well-paid employment m the v. 

A second section of the book consists ol foe papeis dealing wuh political 
economy" issues. These papers identify the incentives loi lobbying and polit¬ 
ical action implied by actual or potential c hanges in tlading cm must,mees. In 
a paper rich in testable hypotheses and links to cm tent polu v issues, |.tgdish 
N. Bhagwati contrasts the responses of two types ol industiies undeigoing a 
change in international competitiveness: senescent low-technology pioduc- 
tion and dynamic, technologically progressise industries. Bhagw.m’s analysis 
incorporates the role not only of tariffs but also ol international migration 
and direct investment. 
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Paul Krugman uses a model of trade in dif ferentiated products to show 
that bilateral trade liberalization may be mutually beneficial lor industries in 
which product dif ferentiation rather than traditional comparative advantage 
forms the basis for trade. Readers interested in the general subject of model¬ 
ing product differentiation may profit also from the comments on Krugman’s 
paper by Kelvin Lancaster, Michael Mussa, and John Chipman, all of whom 
deal with the technical properties of such models. 

Ronald Findlay and Stanislaw Wellisz provide a general equilibrium model 
in which the tariff rate is detet mined endogenously as a consequence of 
rational resource allocation to lobbying activities by interested parties. As 
Richard A. Brecher notes in a comment, one restriction of the model’s ap¬ 
plicability is that it assumes a minimum value of zero for the tariff. This rules 
out the empirically interesting case of export interests’ pressing for subsidies. 
In a somewhat similar vein, Robert C. Feenstra and Jagdish N. Bhagwati 
explore the "efficient” use of direct compensation, financed front tariff reve¬ 
nues, to induce special interests to accept a lower tariff rate. The final paper 
in this section, by Robert E. Baldwin, summarizes and extends the theory of 
trade policy determination and reviews the results of recent empirical at¬ 
tempts to account for industry differences in access to protection. 

'The nine theoretical papers offer a rich and varied menu of approaches to 
the problems of import competition (a short introductory chapter by Bhag¬ 
wati weaves them all into a coherent framework). What mighi have appeared 
here but did not is best suggested by the three papers that close the book. 
Although by no means giving a full picture of the current policy environ¬ 
ment, the "case studies" certainly point to a significant disjunction between 
the theories and the processes they arc intended to illuminate. 

Ronald Dole's account of a British town once dominated by textile produc¬ 
tion suggests that, even in the absence of government policies, adjustment for 
both firms and workers was decidedly less paintul than usually assumed. As 
Richardson notes in his comment on Dore, "it does only a little violence to this 
excellent paper to characteiize it as documenting a history of gradually suc¬ 
cessful private adjustment and questionably successful official efforts to ease 
that adjustment.” Richardson’s own survey of trade adjustment assistance in 
the United States, based on survey data in which recipients of standard unem¬ 
ployment insurance served as a control group, contains a variety of unex¬ 
pected findings that would be highly relevant to the design of a new program 
to facilitate adjustment However, it is especially striking in this context that 
the one major instance in which ttade adjustment assistance has actually been 
implemented produced a set of policies bearing little resemblance to those 
analyzed in the theoretical section of the book. 

The final paper, an assessment of protectionist policies (especially toward 
developing countries) in the European Community, takes a political economy 
approach unlike that of the tlieoiists, emphasizing in particular the ethical 
role of government structure. Eric Verreydt and Jean Waelbroeck give on the 
whole an eminently sensible account, although the theoretically minded 
reader may puzzle over an argument attributing the strength of piotectionist 
pressures in steel to inelastic industry supply juxtaposed with one just a page 
or two earlier that highly elastic supply is responsible for the success of textile 
and clothing interests in obtaining protection. Notable also in the paper is the 
prominent role of protection through voluntary export restraints (VERs), a 
tool never mentioned in the theoretical portions of the book. As some recent 
literature has shown, the effects of VF.Rs differ in important ways from those 
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of tariffs or conventional import quotas, particularly with regard ro distribu¬ 
tion of costs and benefits and implications for competitive behavior. 

Several further oddities leap to the eye of the reader seeking policy rele¬ 
vance. The theoretical papers keep to the usual tradition of viewing unex¬ 
ploited national monopoly power in world markets as a distortion. In other 
words, welfare analysis is from the national rather than global [joint ol view, 
and the issue of foreign retaliation is not raised. Likewise, the analyses of 
political economy largely ignore that the main lobbying lor freer trade in the 
United States and the Kuropean Community has come front export-oriented 
industry, from those whose business is trade itself, and from industrial con¬ 
sumers of imported intermediate inputs, the last noted by Verreydt and 
Waelhroeck. Recent political history gives little support to a key role for 
protests from ultimate consumers. Increased protection ol the automobile 
industry in the United States may prove an exception, hut probably as much 
because of populist reaction to the high average wage in the industry as the 
direct pocketbook impact at the showroom. 

Finally, the theoretical chapters contain almost no mention (Bhagwatt’s 
comes close to an exception) that it no longer makes sense—il indeed it ever 
did—to think ol “international” policy separately from “domestic” policy. 
This point does come out obliquely in Richardson’s paper and stronglv in 
Verreydt and Waelhroeck. An implication is that the empirical studies sur¬ 
veyed by Baldwin need to be interpreted with great caution, since tariffs 
represent only one of many possibilities for granting favorable treatment to a 
politically potent industry. 

Despite an unevenness in quality and approach that is inevitable in a con¬ 
ference volume, this book offers valuable and at times even exciting reading 
for the professional economist. Yet, as the comments above suggest, it repre¬ 
sents only a beginning in a difficult endeavor. Given the staled aim of pio\ id 
ing “respectable theoretical work that . . . enables the etnptiR d m.ibsi to 
examine the phenomenon insightfully,” the iheoieuial pap.i - 
untainted by even casual leterenre to current polic y la¬ 
ment on Vetreydt and Waelhroeck by Gene M. Grnssi 
ical contribution in the entire volume that l'ullv del. 

(expectable theory linked to concrete suggestions lot 
non. Slanislaw Wellis/s summary assessment of Bald., 
economy approaches in fact applies equally well to the 
be humbled by how little we have accomplished, bui 
need not despair that nothing is left to conquer ” 
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Inflation: Comes and Effects. Kdited by Robfri F. Hut. 

Chicago: University ol Chicago Piexs (for National Bureau ol Kcniioniic Re¬ 
search), 1982. Pp. 290. $30.00 (cloth); $10.95 (paper) 

I he cover Hap ol this Ixiok proclaims: “this volume presents the latest 
thoughts of a brilliant group ol young economists on one ol the most persis¬ 
tent economic problems facing the United States and the could, inflation." 
1 his group of economists is brilliant, and inflation is an inveterate problem, 
but somewhat disappointingly some of (he papers in this volume (all shv of 
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the high standard of work that the profession has come to take for granted 
from these individuals. 

Perhaps the most interesting paper in the book is Thomas Sargent’s study 
of the ends of four hyperinflations. This paper is undoubtedly going to be 
viewed as provocative by many, but it is also likely to be important reading for 
the macroeconomist. The central theme of the paper is that monetary and 
fiscal policy cannot be analyzed in isolation from each other. The four hyper¬ 
inflations studied by Sargent—interwar Austria, Germany, Hungary, and 
Poland—all were characterized by economies with near fiscally bankrupt gov¬ 
ernments. That is, the present value of these governments’ expenditures and 
obligations far outstretched the present value of their taxation capabilities. 
These hyperinflations were halted only when credible fiscal reforms were 
undertaken. The amazing fact, which Sargent documents, is that inflation 
slopped almost overnight when these fiscal reforms were enacted, even 
though in all cases monetary reforms did not take place until some later dates, 
so that at the time of the fiscal reforms these countries' money supplies were 
still growing at astronomical rates. Sargent notes that because the switches in 
these governments' fiscal regimes were largely anticipated, as well as credible, 
the dramatic reductions in these countries’ inflation rates were not associated 
with massive rises in unemployment, as many people might expect. 

Taking the opposite view, Robert Gordon claims that reductions in the 
inflation rate are likely to be associated with heavy costs in reduced real 
output—and presumably in higher unemployment. To substantiate this 
claim, he plots the relationship between the inflation and “adjusted nominal 
GNP growth"—defined as the difference between nominal GNP growth and 
the trend growth of real income—for the United States and eight other 
countries. On a number of these graphs, it can be seen that movements in 
adjusted nominal GNP growth were not associated with one-to-one move¬ 
ments in the inflation rate. By definition, any slippage between these two 
numbers must be made up by movements in the detrended growth rate of 
real GN1’. Gordon asserts that this is evidence that anti-inflationary stabiliza¬ 
tion policy has a high cost since rhanges in adjusted nominal GNP growth 
were often assotiated with significant movements in the detrended growth 
rate of real GNP. 

Now, the reader can clearly see that the pattern of association between the 
inflation rate and adjusted nominal GNP giowth is not stable across either 
time periods or countries—in fact. Got don acknowledges this. Furthermore, 
as Lucas (1976) has discussed, these types of statistical relationships are un¬ 
likely to be invariant with respect to government stabilization policy. Unfortu¬ 
nately, Gordon makes no attempt to break down movements in his adjusted 
nominal GNP growth variable so as to isolate the effects of government 
stabilization policy while controlling for the public's expectations of these 
policies. Of couise, one way to do this would be to dic hotomize movements in 
the money supply into anticipated and unanticipated components as Barro 
(1977) has clone. As is well known, Barrel’s work weighs strongly against the 
hypothesis that anticipated reductions in the money supply lead to substantial 
drops m real output. In fact, many of Gordon’s graphs seem to show that 
changes in his nominal income variable are mainly absorbed by movements in 
the price level. Gordon unconvincingly argues that these results vis-A-vis the 
others are statistical anomalies due to inappropriate detrending or other 
factors. 

It is hard to see how these giaphs can be used for any purpose other than 
providing a pictorial history between the two plotted variables. Unforlu- 
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nately, this kind of casual empiricism is nol without cost. Another author in 
the book, Douglas Hibbs, cites evidence such as Gordon’s as justification that a 
policy of wage and price controls cum monetary restraint might be consid¬ 
ered a painless method of curing inflation. 1 his is just the kind ol policy 
question that this type of analysis cannot be used to address scientifically. 

How to control inflation is an important question. On this topic the book 
contains two papers on monetary standards: one by Robeil Barro and the 
other by Robert Hall. Barro starts off by noting that lor postwar U.S. history, 
the relationship between monetary growth and inflation over reasonably long 
periods of time is fairly close. Over shorter periods of time, this association is 
not so strong. He attributes this to swings in velocity. He notes that in recent 
times there have been large fluctuations in nominal interest lates probably 
due to changes in inflationary expectations. By his estimate, a 1 percent 
increase in nominal interest rates can cause as mue h as a 4 percent increase in 
the measured annual inflation rate clue to the once-and-for-all inc rease in the 
price level induced by the reduction in the demand for money Barro argues 
that the volatility in inflationary expectations is the consequence of the lack of 
a nominal anchor for the U S. monetary system. Such an anchor could be 
provided by either a commodity standard or a monetary constitution that 
restricted the rate of monetary expansion. Finally, he notes that whatever 
system is adoptecl, it must provide the necessary incentives to ensure govern¬ 
ment compliance with the set-out rules. This is impoitant and a noninvial 
problem. 

Hall also comments on this last point. He states that time inav be no reason 
on a priori grounds to favor a commodity standard over the present fiat 
money system. This is because under the former system n mav be just as ease 
to change the ptice of the commodity unit as it is to change the monev supplv 
under the latter system. 1 he same pressures that exist to inflate the economv 
under a fiat money standard by increasing monev supplv mav still exist lo 
inflate the economy under a commodity standard by inc l easing die c ni renc v 
price of the commodity unit. Also, obviously the choic e ol coitmiod" 
under a commodity standard is an important question I' 
commodity bundle chosen should be one whose value h 
line with the genetal cost of living. With this in mind. In 
ity bundle consisting of ammonium nitrate, coppei. aim: 

A postmodern of U.S. inflation in the H!7(fs is undeua* 

His analysis consists of dissecting the rate of change in (I., 
change of its various components. 1 his approach acton 
with the layman’s peiceplion of inflation, that it is v,. 
harvest failures, or rising mortgage rates While defiim- 
taxonomy of the CPI is not likelv to fotin the basis ol a in. 
inflation. The supply and demand for oil provide an c \p! 
relative price and not for either the nominal price of oil . 
level. Furthermore, any movement in the ovciall CPI is , 
pattern of change in relative prices across industries. a i i. 
minds us of in his conli ibulion to the volume. 1 his is not to s.iv ih.i, 
specific sectors of the economy cannot affect inflation I hc v can \ l uge 
change in the world price of oil could have a significant impact on die mi lent 
and future levels of a nation's real output, and consequentlv on its demand 
for money, and thus on the time path of its general price level Bv undet tak¬ 
ing an anatomy of the CPI, Blinder tends to ob.xc me the impoi taut point that 
principal movements in the CPI come about Irom the mleiplav between 
money demand and money supply. 
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A cenlial question concerning inHation is, What are its welfare costs? Fis¬ 
cher (1981) suggests that there may be several types of costs associated with 
inflation, such as increased transaction costs of exchange (the traditional 
money triangle), the misallocative effects on agents’ savings and investment 
derisions of lax systems that are nonneutral with respect to inflation, the 
distortions imposed by nominal interest rate ceilings, and the costs connected 
with the increased uncertainty (and relative price variability) that seem to Ire 
connected with inflation, inter alia. Attaching costs, arising via these various 
channels due to inflation, is obviously an exercise in modern welfare econom¬ 
ics. 

One way to approach this problem would be to construct a small-scale, 
dynamic, choice-theoretic general equilibrium model and examine the impact 
on an economy’s welfare that changes in the time-senes properties of its 
money supply have through these various channels. For instance, within the 
construct of a cash-in-advance economy, Stockman (1981) illustrates how an 
increase in an economy's (steady-state) rate of inflation leads to a decrease in 
savings, investment, and welfare due to increased transaction costs of ex¬ 
change. Aschauer (1980) m a similar model finds that high rates of inflation 
aie associated with reduced labor supply, higher unemployment, and lower 
welfare. Furthermore, it seems that by judiciously picking the functional 
forms and key parameter values to be used in such small-scale dynamic gen¬ 
et al equilibrium models, quantitative estimates of inflation’s welfare costs 
could be obtained. Such a modeling strategy would be in the spirit of Kydland 
and Prescott (1982). 

Several papei s in the volume do give a loose idea of some of the likely costs 
associated with inflation, but none of them do it in the formal (and pet haps 
idealistic) manner suggested above. For instance, Martin Feldslein outlines 
how the inlet action between inflation and the current U S. tax system has had 
powerful distortionary effects on the realized teal rates of return facing sav¬ 
ers and investors. 7he implications of this for investment tn residential and 
tionresidential capital ate discussed. Stanley Fischer notes that the costs of 
inflation depend on the institutional structure of the economy. Now, one 
would expect the institutional structure of an economy to be somewhat en¬ 
dogenous, reacting through lime to changing economic circumstances. The 
author documents how certain institutions in the U.S. economy have adapted 
so as to make the recent inflationary era easier to live with. The phasing-out 
of interest-rate ceilings by I98(i due to the Depositoiy Institutions Deregula¬ 
tion and Monetary Control Act is one example among many. As Fischer 
notes, however, there are still major instances of nonadaptations in the Amer¬ 
ican economy, such as the government's failure to index the lax system. 
Generally, though, the long-run costs of inflation are likely to be significantly 
less than the short-run costs of inflation because of the endogeneity in the 
economy’s underlying strucluie. 

Another paper that addresses the impact of inflation on the economy is by 
Dennis Carlton, who argues that inflation has had a disruptive impact on the 
organization of markets. He believes that as inflation rises, so do the transac¬ 
tion costs of doing many types of businesses. When the inflation late rises, 
firms will tend to substitute away from those business activities whose relative 
transaction costs have increased. For instance, he pi edicts that a rising infla¬ 
tion rate will lead to firms switching away fiom customized products—either 
internally produced or purc hased from outside—to standardized ones in¬ 
stead. Additionally, where customized inputs are still used, firms will lend to 
produce these inputs themselves rather than purchase them from an outside 
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party. Thus, on the latter account, there would be an increase in vertical 
integration. These types of substitution effects induced by inflation may be 
very important. 

Inflation increases the uncertainty of doing business. Carlton notes that this 
has led to fixed-price contracts of shorter duration between firms. II inflation 
does create great uncertainty in the economic system, there is likely to be a 
greater discrepancy in people's beliefs about the course of future economic 
events. This creates an incentive for people who think they hold superior 
knowledge to act on their beliefs by participating in futures markets. Carlton 
notes that both the amount of new futures contracts introduced and the 
volume of trading in futures markets have increased with the inflation rate. 

These are other examples of how the institutional structure of an economy 
adjusts so as to ameliorate the costs of inflation. The paper by Carlton is 
interesting because it illustrates how inflation may have significant cosls by 
disrupting the allocative efficiency of the economic system. 1 hese types of 
costs, while potentially pervasive, may be of so subtle a nature that their 
channels of effect have been too elusive lor the economist to delineate pre¬ 
cisely. Finally, it must be said that while many of this author's hypotheses 
seem to have only the status of educated conjectures, they certainly are ones 
that merit further theoretical and empirical research. 

The book also contains articles by four other individuals. Room is left heie 
for only a capsule summary of these papers. Jeremy Bulow discusses the 
effects that inflation has had on American private pension plans. He finds 
that these plans have been amassing huge surpluses. The impact of inflation 
on measured American corporate profits is analv/cd bv |cremv Bulow and 
John Shoven. They find that, when measured appropriately, corpoiate 
profits are higher in the recent inflationary era than is normally supposed 
Douglas Hibbs statistically examines the inlet action between the state of the 
macroeconomy and public opinion about inflation and unemplounent Fi¬ 
nally, Jacob Frenkel addresses several open-economy aspects ol die leccnt 
U.S. inflation. 

While most of the work in this book is of good quality, some ol it is not ol 
the unusually high caliber (hat the profession has come to c\|« 
talented group. Because of this, those interested in the • 
this volume would be well advised to examine it in the lii 
to place their orders. 


University of Western Ontario 
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The Political Economy of Growth. Edited by Dennis C. Mueller. 
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As stagflation became an int teasing concern in the 1970s, many economists 
investigated possible economic “causes” of the slowdown in productivity 
growth, including the relationship between inflation and slower growth, 
changing demographic structures, and tax-induced disincentives to save. Si¬ 
multaneously, Maniur Olson was developing an intriguing and more po- 
liticai-etonomic explanation of the phenomenon. Following on his earlier 
seminal work on the logic of collective action, Olson focused on the 
determinants of economic policies as a factor in growth. In his view, in 
societies with stable sociopolitical structuies, interest groups tend to spring up 
and become stronger over time. The more interest groups defend their inter¬ 
ests, the more growth retardation there is, for these groups seek to prevent 
change that might tome about at the expense of their particular (short-term) 
interests. 

The Mueller volume consists of a series ol papers from a conference of 
which the Olson hypothesis was the theme. The first paper in the volume is 
Olson's. Although it is less persuasive than his book (Olson 1982) and pre¬ 
dates the book by about 4 years, it nonetheless sets forth the main arguments 
of the inteiest gioup hypothesis- different countries have experienced differ¬ 
ent growth rates at different times, so differences cannot be attributed to 
different social or cultural patterns; although there are costs to forming spe¬ 
cial interest groups and the benefits of collective action have some aspects of a 
public good, special interest groups are likely to emerge in homogeneous 
groups and to be based on relatively special, as contrasted with mass, inter¬ 
ests; it requires time lor special interest groups to organize and emerge as 
effective. Hence, "democratic societies will accumulate more special-interest 
organizations as lime goes on. Collective action is difficult and problematic, 
especially for large gioups, and will occur if at all only under favorable condi¬ 
tions. The longer a society has stable freedom of organization, the greater the 
likelihood that any given group with a common interest will find conditions in 
which it ran work out selective incentives [for individuals to join in collective 
action]” (pp. 16-17). 

The next step in the argument is to posit that most efficiency-increasing 
policy changes benefit large numbers of people and impose costs on a rela¬ 
tively smaller group. Because a smaller group is more likely to be able to 
organize itself than a larger one (because of the size of the stake and the 
homogeneity of interest) while anyone organized to achieve the “public good” 
will pay most of the costs and receive a smaller fraction of the benefits, special 
interest groups will more often than not act in support of efficiency-reducing 
measures. While each inefficiency-inducing measure (tariffs, farm price sup¬ 
ports, tax loopholes, etc.) generates one-time costs, the accretion of special 
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interest groups implies that growth rates will fall over time as more and more 
form and become more powerful. 

Olson uses this model to examine, in a broad sweep, the economic growth 
of the world, with special emphasis on the period after the Second World 
War: German, Japanese, and French special interest groups were largely 
destroyed by the war, and their ineffectiveness and inability to get special 
interest actions helped speed these countries’ growth. Biitain, by contrast, 
emerged from the war with interest groups (unions, etc.) intact and thus had 
more growth-inhibiting policies. In the French case, Olson goes further to 
argue that “the deep divisions in French ideological life must owe something 
to the way one upheaval after another called into question the country's basic 
political and economic system. . . . Such smaller groups as trade associations 
and the alumni of the most prestigious schools have, as the theory predicts, 
more often been able to organize, but their effects on growth rates in the last 
few decades have often been limited” (p. 26). 

Olson’s special interest group formulation is stimulating. As he points out 
in the introductory footnote to his article, he look account of the substantive 
contributions of the conference in his book and not in the paper included in 
the Mueller volume. Nonetheless, for the reader interested in a quick (and 
less rich) introduction to Olson’s ideas, Olson’s paper in the Mueller volume is 
well worth reading. 

The remainder of the book contains papers examining aspects ol the Olson 
hypothesis on a cross-country basis, by an in-depth examination of the experi¬ 
ence of selected countries, from a different perspective (as in the paper bv 
Samuel Bowles and John Eatwell that challenges the “economic orthodoxy" of 
the Olson view without, at least to my mind, offering a constructive alterna¬ 
tive), and by an effort by Mueller to relate Olson’s wotk to public choice- 
theory. 

Although many of the empirical papers stronglv support Olson's work, the 
most interesting and thought provoking are those raising qualifications 01 
questions about the model. J. C Asselam and G Morrison, (or example, 
examine two centuries of French growth and conclude that "spec lal-intei est 
groups manage to preserve their privileges in all except revoltin' • 
tions," and that what is decisive as to their role is the ow 
economy: during crisis or tecession, theii sliength . 
whereas during periods ol rapid economic growth, in- 
liberalization but are sufficiently compensated by the In 
they point out, such a simultaneous approach to the 1 
interest groups and economic growth would provide at l > 
why recession and prosperity tend to be self-rcinfori in_ 

A second paper focusing on France, bv jean-Fiant,ois i 
the role of the formation of the Common Market as a key Lie e , 
the rules of the game within France and permitting lapid gtowtli l tc i n : 
prets the weakened position of special mteiest gioups altei the Second Wat 
to be the result of a political decision taken at a time when mteiest gioups 
either could not resist or did not anticipate the consequences of the c liunge. 
An essay by Franz Leliner examines the Swiss case as another exc epiion to the 
Olson hypothesis: relatively high growth is accompanied by the existence ol 
many small special interest groups. Leliner attempts to explain this phenome¬ 
non by examining the interaction among these groups' in Switzerland, the 
process of reaching agreement among them is so dilhc nil that thete is a gteat 
deal of inertia in the decision-making process and government inletveiilionx 
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are therefore fewer than in other countries. Lehner interprets his observa¬ 
tions to imply that Olson’s hypothesis needs to be amended to consider modes 
of interactions among interest groups. 

Of the papers generally supportive of the Olson hypothesis, possibly the 
most imaginative is that of Peter Murrell. Hypothesizing that the age of an 
industry would have been independent of the “strength of inertial forces” in 
Germany after 1948, but a function of those forces in the United Kingdom, 
Murrell concludes that a reasonable test of the Olson hypothesis would be to 
examine whether comparative industry-specific growth rales (between Ger¬ 
many and the United Kingdom) differed systematically with the age of alter¬ 
native industries. He posits that, with slower growth, all U.K. industries would 
grow more slowly than German industries by the same proportion (and thus 
be independent of age and the “strength of inertia) forces") il Olson’s theory 
were incorrect. Thus, each industry’s relative growth rate is expressed relative 
to the average rate over all industries in each country. On the basis of this lest, 
Murrell finds “significant" inertial forces in British industry. Although the 
results are suggestive, there are two important questions pertaining to his 
findings. First, it is only in 55-64 percent of the cases (with a large sample) 
that the relativities are as hypothesized (the proportion is higher when only 
15 industries for 10-15 years are examined). Second, and probably more 
important, there are two reasons to believe that other phenomena associated 
with slower growth might account for Murrell's findings. Kngel’s law suggests 
that with approximately equal initial incomes, there would Ire more disper¬ 
sion in industry growth rates in a more rapidly growing country (because 
demand for nonfood items would grow more tapidly). Also, to the extent that 
tradables production grows more rapidly than home-goods production with 
higher growth rates, there is another reason why the “inertial forces" attrib¬ 
uted to interest groups might in fact be attributable to slowet growth. 

Space precludes further description of the contents. Suffice it to say that 
Olson’s hypothesis as he sets it forth is petsuasive, even if the supporting 
evidence he marshalls is somewhat impressionistic. The empirical essays in 
this volume are thought provoking: one comes away with the view that special 
interest groups are but one aspect of the political-economic process, allieit an 
important one, and that those concerned with the determinants of economic- 
policy decisions still have a great deal to learn. 

Anne O. Krueufr 

World Bank 
University oj Minnesota 
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In the second half of the 1970s, Michael Sattinger published a series of papers 
on various aspects of the distribution of labor earnings, beginning in 1975 
with an article in Econometnca describing a model of the allocation of workeis 
to jobs. In that paper he demonstrated how comparative advantage among 
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workers affects the relationship between the distribution of abilities and earn¬ 
ings, a relationship that at the time had not been extensively studied. In the 
preface to the book under review, Saltinger reveals that he had actually 
developed the main ideas behind the 1975 paper some years earlier, while still 
a graduate student, but that his thesis research was on another topic because 
he “could not demonstrate the empirical relevance of the concepts” (p. vn). By 
1978, however, in an article in the Review oj Economics and Statistics. Saltinger 
was able to provide evidence of the existence ol comparative advantage, using 
data on mechanical aptitude tests. 

Capital and the Distribution of Labor Earnings is an outgrowth of this series of 
papers. His fundamental argument is that earnings should be viewed as fac¬ 
tor prices, as a result of which, like all prices, they play an allocative role, so 
that “the distribution of earnings and the valuations placed on individual 
characteristics depend on the particular equilibrium of the economy" (p. 5). 
Building on his earlier published work, Sattinger's aim is to establish as his 
“major ideological point . . . that an individual's contribution to production 
cannot be related or attributed solely to his individual characteristics" (p. ti). 
The book begins, therefore (alter a brief introduc tion), with a critic ism of the 
human capital approach, followed by a review of literature related to Sattin- 
ger's work; the review is necessary, he claims, because the literature has 
“largely been ignored or slighted in other surveys” (p. 23). 1 he main theoret¬ 
ical content of the book comes next: three chapters dealing with the inequality 
multiplier (the ratio of earnings inequality to skill inequality), the assignment 
of workers to jobs, and a theory of the earnings distribution based on differ¬ 
ential rents. Four chapters of empirical woik testing these theories, a further 
three chapters extending the analysis, and a summary of what has been 
achieved, and what remains to be done, complete die book. 

Let me say at once that I am broadly sympathetic to Sattinger's stated view 
that many economists have tended to study the distribution of earnings in an 
incomplete, or inappropriate, fashion. Fuilhermore, the woik Saltinger pub¬ 
lished between 1975 and 1979 represents an important contribution to the 
subject, which deserves the widei exposure his book should bring, notwith¬ 
standing the increased interest in comparative advantage, optimal assign¬ 
ment, and the distribution of earnings over the last few years It must be said, 
however, that the demands of proselyti/.ing occasionally cause Sailings 1 to 
become a trifle cavalier. Let me provide an example 

Chapter 2 is, as I have mentioned, a clitical analvsis 01 
theory as it relates to the distribution of earnings. The < h. 
comprising only nine pages, and presents the outlines ot ■ 
one attributed to Mincer, the other to Becker and Clnswu 
that Mincer’s model necessarily implies a horizontal so; 
number of workers al any given schooling level, bv vnnu 
that present values of lifetime earnings are equalized 111 c., 
and that the Beckei-Chiswick model implies a horizontal <l< n 
it assumes that all types of labor can be measuied in tciins . 
efficiency units, so that the relationship between any two tvpes ot lalvoi is 
fixed. Thus, Saltinger suggests, “the most inteiesiing questions concerning 
the earnings distribution" are assumed away (p. 21). 

Fhere is undoubtedly a sense in which this is correct, but it is still rea¬ 
sonable to ask, for example, how far such a model can go tow aid explaining 
observed inequality in annual earnings. To Ire sure, it will not pi ovule a 
complete explanation, and Sattinger's work provides a demonstration win, 
but 1 think the contribution of Mincer, Becker, and Chiswick is still an impor- 



562 


JOURNAL OK POLITICAL ECONOMY 


lant one, and I lind Sattinger’s criticisms just a little ungracious. Blinder’s 
(1976) critical review of human capital models, although admittedly not di¬ 
rectly pertinent to the question of the distribution of earnings, is, by contrast, 
much more balanced, as is Rosen’s (1973) paper. 

The heart of Sattinger’s book follows the brief discussion of human capital 
theory: the review of work that Sattinger feels has often been overlooked, 
notably Tinbergen’s and Roy’s, and the group of chapters on theoretical 
issues. Not all of this material is new (e.g,, chap. 5 includes results from 
Sattinger's paper in the Journal of Economic Theory in 1977), but it is useful to 
see it collected, and connected, together in this way. Indeed, if any criticism is 
to be directed at these chapters, it is that the threads could have been drawn 
together more frequently than Sattinger chooses to do. Additionally, little 
attempt appears to have been made to relate earlier work on the subject to the 
results Sattinger derives, but these are relatively minor objections that some 
may view as mere matters of taste. 

Chapter 4 develops a theory of the relationship between earnings inequal¬ 
ity and inequality in productive abilities (the inequality multiplier). The 
model is an aggregate one and hence omits any consideration of the distribu¬ 
tion of productive abilities. Instead, the existence of such a distribution is 
taken as given, production is specified as a function of capital intensity and 
average productive ability, and the effects of changes in these factors on 
earnings inequality are investigated. The approach is “essentially neoclassical" 
(p 40): for (he most part, earnmgs and marginal products are synonymous. 
Sattinger finds that the conditions under which the inequality multiplier does 
not vary with capital intensity and average productive ability are extremely 
restrictive, which provides the basis for his criticism of the assumption of 
Becker and Chiswick that labor can be measured in effit iency units. He also 
shows that the effects on earnings inequality of capital intensity and average 
pioductive ability ate theoretically ambiguous, although if capital-skill com¬ 
plementarity is assumed, the inequality multiplier is positively related to capi¬ 
tal intensity. 

In the following two chapters, Sattinger turns his attention to the develoji- 
menl of a disaggregated analysis. First, in chapter 5, he employs a sequence of 
increasingly sophisticated models to examine the equilibrium assignment of 
workers to tasks. Initially the maximization of a utility function, whose argu¬ 
ments are earnings and job satisfaction, guides individuals to jobs. Then, with 
individuals differing by ability and jobs by degree of difficulty, the existence 
of comparative advantage implies a technically most efficient assignment. 
Next, a scale-of-resources effect is introduced, first in isolation from, then 
together with, comparative advantage. The essential point of this effect is that 
those workers with greater productive ability are more valuable, relative to 
their less productive colleagues, if they are used in conjunction with a greater 
quantity of resources and are therefore assigned to jobs requiring greater 
resources. Throughout the chapter, particular emphasis is given to the condi¬ 
tions under which the more prcxluttive workers are used on more capital- 
intensive production processes; for example, Sattinger shows that, in the most 
sophisticated model, a sufficient, but certainly not necessary, condition for the 
result to occur is that the more productive worker has a comparative advan¬ 
tage in the more capital-intensive process. 

Chapter 6 looks at the implications lor the earnings distribution of the 
analysis in chapter 5. The model is "unabashedly short-run” (p. 117), in that 
the distributions of machine size and productive ability are assumed to be 
exogenous. These distributions, plus the production function and an assump- 
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lion of an equilibrium assignment, then determine the wage and capital tent 
functions. In a series of illustrations using specific functional forms (e.g., a 
Cobb-Douglas production function and Pareto distributions of machine si/e 
and productive ability), the general result is established that earnings inequal¬ 
ity is an increasing function of the inequality in the distribution of machine 
sizes. 

The section of the book that follows the chapters on theoretical issues 
constitutes a fresh attempt to provide the empirical validation of Sattinger's 
ideas that earlier had proved so elusive. After a discussion of conceptual 
issues (chap. 7), successive chapters consider differences in U.S. earnings 
inequality over time, differences in inequality across stales, and trends in 
wage differentials through time. Although one might question, while reading 
these chapters, the extent to which it is appropriate to refer to “tests of the 
hypotheses . . . developed in previous chapters” (p. 139) when the estimated 
equations are not typically derived on the basis of the earlier theory, the ap¬ 
proach is undoubtedly novel, and Sattinger met its ptaise for his ingenuity in 
its formulation. 

Chapter 8, for instance, comprises a set of time-set les regtessions with first 
the variance of logarithms of income 1 and then the shares of the top 1 percent 
and 5 percent of income tecipienls as the dependent variables; a similar 
analysis, this time cross-section, with the coefficient of variation of earnings as 
the dependent variable, is undertaken in c hapter 9. I he predictions of c hap- 
tet 6 receive strong support; Sattingei's expectation of a positive impact on 
inequality of the capital to labor ratio is not. however, borne out by the 
empirical work. This expectation was based upon a strong belief in the exis¬ 
tence of capital-skill complementarity, and Sattinger, m his concluding c hap- 
ter, is refreshingly ready to acknowledge that the evidence liom the empiiic al 
tests has caused him to tevise his belief. 

1 do have a few criticisms of the empirical work ol chaplets 8-10 l-nsi, 
Sattinger claims that the lesulls of chapter H “piovule ail answer to ihe ques¬ 
tion of why income inequality has failed lo decline sigmftc antic " ’ 

period, despite substantial increases in mean scbooling 
inequality in the distribution of schooling” (p. 152) 
demand variables are counteracting the effect ol tie 
Sattinger’s analysis does, I feel, ignore a numbei ol 
issues, notably the influence of changes in the male to ! 
force, and the effect of changes in the age stiuctute . 
latter is, of course, the issue taised by I'aglin (1975) m , 
the trend of income inequality. 1 o fie sure. Paglm’s pap, • 
its fair share of dettactors, besides which Chiswick and Mum , ,. 
original study (1972) that the effect ol age changes is slight Nevertheless. 
Sattinger’s analysis is incomplete in failing to re lei to the pioblcm. 

A second objection I have is that Sattinger repeatedlv seems willing to 
interpret results a little generously when testing Ins hvpotheses. Considet. lot 
instance, the following; he refers to a coefficient that is “positive in all cases 
hut is only significant in some regressions” as giving “nuld stippmt to the 
hypothesis of chapter 4" (p. 174), and later a coefficient dial is "alwavx posi- 
live but is not m general significant” is seen as lending “mild suppoit" to 
another hypothesis from chapter 4. I should prefer the mteipietation ol the 

1 Sattinger is adopting the data of, and icexaminmg the analvsis ol, Chiswick and 
Mincer (1972); like Chiswick and Mincer, he acknowledges that earnings data, il .nail 
able, would be superior. 
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results to be more guarded than the use of the qualifying adjective “mild” 
seems to imply. 

The remaining chapters of Sattinger's Itook extend his empirical investiga¬ 
tions in a number of directions. Chapter 11 looks again at the impact over 
time of capital intensity on earnings inequality, but from a disaggregated 
viewpoint, the disaggregation being by industry, in the hope that this will 
overcome the problem of sectoral shifts' confounding the interpretation of 
the results. Chapter 12, too, is concerned with the distribution of earnings by 
industry and seeks to explain differences across industries in the proportion 
of workers in (he upper and lower tails of the earnings distribution by factors 
such as capital intensity. Finally, chapter 13 investigates the implications of 
hierarchies for the distribution of earnings by a number of means; one of 
these is a set of regtessions relating the Pareto coefficients from the upper 
tails of different industries’ earnings distributions to various industry charac¬ 
teristics, among which is the ratio of production workers to total employment, 
as a measure of (the inverse of) the size of the hietarchy. 

In his concluding remarks, Sattinger stales that his original intentions in 
writing this book were to "change economists' minds about the nature and 
determinants of the distribution of earnings” (p. 267) and to provoke a “use¬ 
ful and scholarly debate” by an “aggressive ptesentation ot differences” (p. 
268). There are, admittedly, occasions when 1 think 1 should have preferred 
slightly less aggression; on balance, though, Sattinger is at least as stimulating 
as he is provocative, and 1 hope his book will be widely read. 

At an Harrison 

McMaster University 
University of Warwick 
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In Memoriam: Harry Gordon Johnson 
( 1923 - 1977 ) 



IJacm 

Harry Gordon Johnson was l)orn on Ma\ 26. I'- 
tario. He was graduated from the Universttv <>l 
the age of 20 he began his first teaching p>si ,n 
University in Nova Scotia. His academic cam i 
1914 by a year's duty with the Canadian inlann * 
when the Canadian Arinv was not able to send a.. . 
immediately, he proceeded to Cambridge Utmeisiiv i |> 
where he received a B.A. in 1916. He continued Ins education at 
Ioronto (M.A. 1947) and Harvard (M.A 1918). In between he 
worked his way across the ocean in a c attle boat to visit It tends at 
Cambridge. In 1949 he returned to Cambridge to teach (both at Jesus 
College and King's College) and received another M A. m 1931. Disil¬ 
lusioned with the intellectual climate at Cambridge, he moved on to 
Manchester University in 1936. He was appointed Professor of hco- 
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nomic Theory and taught there until 1959. During this time he re¬ 
ceived his Ph D. from Harvard (1958). 

In 1959 Johnson began his 18-year tenure at the University of 
Chicago, first as Professor of Economics and then as the Charles F. 
Grey Distinguished Service Professor of Economics (1974). He held 
simultaneous positions at the London School of Economics (1966-74) 
and at the Graduate School of International Studies in Geneva (1976- 
77). Throughout his career he held visiting positions at many univer¬ 
sities around the world, including Karachi, Singapore, and Buenos 
Aires. 

Johnson supplemented his academic duties by editing several aca¬ 
demic journals. He served as assistant editor of the Review of Economic 
Studies from 1950 to 1959 and remained on its editorial board until 
1965. He edited the Manchester School oj Economics and Social Studies 
(1956—59), Economica (1969-70), and the Journal of International Eco¬ 
nomics (1969-76). He served as a series editor for Aldine Publishing 
Company (1964-77) and as Director of Research for the Trade Policy 
Research Centre (1968-77). He was the sole editor of the Journal of 
Political Economy from 1960 to 1966 and joint editor from 1969 until 
his death in 1977. 

Johnson served on the boards of many professional associations, 
including the Association of University Teachers of Economics (chair¬ 
man, 1968-71), American Economic Association (vice-president, 
1976), Canadian Economic Association, National Institute for Eco¬ 
nomic and Social Research, Pakistan Institute of Development Stud¬ 
ies, Royal Economic Society, Canadian Political Science Association 
(president, 1965-66), British Association (president, 1972-73), and 
Eastern Economic Association (president, 1976—77). He also held 
various public service posts, including the Royal Commission on 
Banking and Finance (Canada), the President’s Special Group on the 
Great Society (United States), and the Council for Scientific Policy 
(United Kingdom). His numerous academic and public service func¬ 
tions did not adversely affect his own scholarly output. 

Johnson received seven honorary degrees and fellowships in vari¬ 
ous societies, including the American Academy of Arts and Sciences, 
the British Academy, the Econometric Society, and the Royal Society 
of Canada. He also received the Prix Mondial Nessim Habif from the 
University of Geneva and the Bernard Harm Prize from the Univer¬ 
sity of Kiel. 

Gladstone’s private secretary once said that “if a figure of 100 could 
represent the energy of an ordinary man, and 200 that of an excep¬ 
tional man, Gladstone’s energy would represent a figure of at least 
1,000.”* Harry Johnson was in the Gladstonian tradition. 


Philip Magnus, Gladstone: A Biography (London: Murray, 1954), p. xi. 



Harry Johnson's Contributions to 
International Trade Theory 


W. M. Corden 

Australian National University 


The object of this survey is to provide a thorough guide to Harry 
Johnson’s work in the held of nonmonetary international econom¬ 
ics—to “do a Harry Johnson” on that part of his work whith includes 
many of his most influential contributions. He would certainly have 
wanted this particular survey to be thorough, as so many of his more 
original insights are to be found in this field. It is a field which he 
dominated over 2 decades, and not only through his writings. 

The organization of the survey is by topics, with some attention to 
chronology and with inevitable overlap problems. Section 1 covers 
trade and growth, dominated by a trilogy of articles of the earl) 
1950s, of which the third, published in 1955, is perhaps his single 
most significant contribution to trade theory. Section II covers static 
positive Heckscher-Ohlin-Samuelson (H-O-S) theory, where all his 
main contributions were the fruits of the 1950s. pnM.-- 
Manchester School. Section III deals with no- 
theory—the theory of the optimal tariff, the uw 
the theory of domestic distortions. His coniribuii- 
whole period of his working life up to the earlv i 
defined to exclude the contents of Section IV, Wi 
union theory and the theory of tariff bargaining. So .. 
effective protection, in which his ptincipal tnniiihuiuuis . 

from 1965 to 1971. Section VI is entitled “Wicksell Lectuie and Al- 
ter” and deals with his writings from 1968 on the new theoties ot 


I am indebted to loinmcnts on eailiei dialts fiom Kcm Ando son. Item/ \indi. 
Stanley Kngerman, Ronald Klndl.iv, Ross Claimant, Mrlvvn Ki.mss. |olm Mai tin. and 
Jonathan Pinctts. 
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trade, the role of technology, human capital, and knowledge diffu¬ 
sion in relation to trade, international corporations, and the infant 
industry argument. In fact, it is a hit of a potpourri, like his famous 
Wicksell Lecture, but deals with some of his most stimulating work, 
about which he was actively thinking in his last years. Section VII 
tidies up, dealing with the large volume of writings not covered to this 
point, notably several surveys, his work on (nontrade) two-sector 
theory—where he used the techniques of trade theory for income 
distribution and other issues—his writings on international trade 
negotiations, and on policies toward less developed countries. The 
last includes what is probably his most widely read book, Economic 
Policies toward Less Developed Countries (19l)7/i). Finally, Section VIII 
discusses his attitude to theory and his contribution to the work of 
others in the field. 

Before launching into details, we must say something about the 
essential nature of Harry’s achievements and especially the matter of 
his “originality.” His brilliance was as a synthesizer and a user of 
theory to prohe “real world” policy issues. As a conti ibutor to pure 
theory, he must tie regarded as having had an important place in the 
ongoing stream: fie said neither the first nor the last word in the many 
branches of trade theory in which he wrote, but he played a big role in 
the collective process of building up the relevant analytical 
framewoik. In total, his contribution to pure trade theory was im¬ 
mense, but his originality in this field was not of the order of Ohlin's, 
Samuelson’s, or Meade's. 

As we read his many papers, one characteristic stands out: he did 
his best to appear unoriginal. His style of writing and care in acknowl¬ 
edgments tended to give the impression that he had not had an origi¬ 
nal idea in his life but that everything was consolidation and building 
on bricks laid by others. He tended not to highlight what was new in 
his w'ork but rather to stress continuity in the development of eco¬ 
nomic theory. He was not a deliberate maximizer of his reputation. 
He made no claims for original “theorems" and usually went out of 
his way to give credit to others. In the preface to International Trade 
and Economic Growth (1958/;)—in which lie collected some of those 
papers that have turned out to fie his most important—he wrote 
about his work: “In addition, they are linked by a common purpose— 
the consolidation of the work of previous theorists and its extension 
to new problems—and by a common method—the application of 
mathematically-based logical analysis to theoretical problems thiown 
up by discussion of current topics among economists, generally those 
relating to economic policy. The motivation, explit it and implicit, has 
usually been to see what could be made of the tools available, in 
analysing the problem that suggested itself as an interesting one” (p. 
9). 
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This impression of unoriginality was fostered not only by the many 
surveys he wrote but also by the substantial element of surveying in 
almost every article. It was fostered by his search for simplicity in 
theoretical argument. It is not always realized how difficult it is to be 
simple. 

Because of this characteristic, I have made a special point here of 
noting the degree of originality of various papeis and of digging the 
nuggets of originality f rom what appear to be expositional or survey 
articles. This seems to be a necessary role for a survey of this kind. But 
it should not obscure the point that the Great Synthesizer should not 
be judged solely by the criterion of theoretical originality. 

I. Growth and Trade 

It is appropriate to begin with the Johnson article that has had the 
biggest impact on trade theory, namely, "Economic Expansion and 
International Trade” (1955). This article has provided the basis for 
one or more chapters in every trade-theory textbook and has practi¬ 
cally founded a subbranch of the subject. It took growth in two coun¬ 
tries through factor accumulation and technical progress as given and 
spelled out the effects on the volume, pattern, and terms of trade in a 
two-good, two-country model. It intioduced the concepts of protrade, 
antitrade, and ultra pro- (and ultra anti-) trade biases. 1 he article 
itself is extremely rich and dense in one of the characteristic Johnson 
styles, so that it is hardly possible to summari/e it hete. It explores 
some cases and problems that have been lost in the subsequent liteia- 
ture. It was inspired by Hicks (1955) and also made- use ot !-’■ : • > ■' 

(1955), but there tan be no doubt about its funtlan 
has provided the framework for analyzing a inn 
lems, notably the elfects of growth on the tein. 
oping relative to developed countries. It founded , 
which the most important subsequent contnbut 
Grubert (1959), which explored the effects of l.c 
progress in the model, a matter only hinted at in 11 

This major work was closely followed by two othei a ,! 
same field. “Effects of (changes in Comparative Costs as Influenced bv 
Technical Change" (19(51) analy/ed the ef let ts ot technical change on 
trade in detail. This article deserves to be more widely known. It 
expounded the Findlav-Grubert analysis verbally with great clarity 
and in addition expanded this model: a nontiaded good was in¬ 
troduced, linking the analysis with Hicks (1955). and peifectlv elastic 
supplies of one of the two factors were allowed tor. The question was 
then posed whether technical change is likelv to inhibit or encourage 
international trade. Are government and private researc h likelv to be 
import or export biased? The transmission of knowledge between 
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countries was discussed. It is interesting to read this article now; it 
turns out to be the Jink between his early growth-and-trade work and 
the later themes of the WickseU Lecture. 

In “Economic Development and InternationaJ Trade (1959a) he 
“packaged" the whole growth-and-trade subject very neatly. This is 
the article on biases now read and referred to. In it he expounded the 
essence of his 1955 article with the aid of some neat diagrams, leaving 
behind the verbal density and excessive taxonomy of the earlier arti¬ 
cle; he incorporated the Rybc/ynski and the Findlay-Grubert anal¬ 
yses; and he gave the profession (as he would put it) a simple article 
embodying all the main ideas in a way that a reasonably attentive 
undergraduate could understand. 

The classic 1955 article was the third of a trilogy of articles on 
growth and trade published in the 3 years 1953—55. The first, "Equi¬ 
librium Growth in an International Economy” (1953), extended the 
Harrod-Domar analysis to the open economy. But Harry recognized 
subsequently that “the crux of the Harrod-Domar analysis, the knife- 
edge requirements of self-justifying growth, has, however, ceased to 
interest economic theorists, in consequence of the recognition that the 
savings ratio and the capital-output ratio are not parameters but vari¬ 
ables amenable to economic policy or subject to equilibrating forces" 
(1958A, p. 10). 

The second article, “Increasing Productivity, Income-Price Trends 
and the Trade Balance” (1954a), was very influential in Britain at the 
time. It had been commonly argued that faster productivity growth in 
the United States than in European countries would tend to improve 
the U.S. balance of payments (the “dollar problem”). He subjected 
this to rigorous, indeed elegant, analysis, introducing income as well 
as price effects—showing that income effects were likely to worsen 
the balance of payments of the faster-growing country. His monetary 
assumptions in this article were rather simple—he made various ex¬ 
plicit money-income assumptions, with the required monetary policy 
implicit. While they were not unreasonable for the purpose of the 
exercise, 1 doubt that he would have approved of this approach in his 
later “monetary theory of the balance of payments” days. Further¬ 
more, a complete analysis would really have had to introduce the 
complications of the 1955 article, allowance being made for more 
than one good produced in each country. 

Something must be said about the quality of the exposition in these 
two articles. In both cases Harry expounded difficult arguments su¬ 
perbly. He used simple mathematics, avoided excessively complicated 
geometry, and clearly explained all steps verbally. Young theorists 
who wish to be understood by their readers, encouraged by editors 
who wish their journals to be read, would benefit from follow ing the 
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expository techniques of these articles, especially the “Increasing Pro¬ 
ductivity” article. 

The 1953 article contained a rigorous statement, with appropriate 
formulae, of the concept now known as “immiseri/ing growth”—the 
case where factor accumulation or technical progress can lower a 
country’s aggregate real income because of a sufficiently adverse ef¬ 
fect of growth on its terms of trade. Awareness of the possibility goes 
back to Mill and Edgeworth, but Harry was the first to revive the case 
and explore it in rigorous modern terms. He did not give it a name or 
a diagram, however, and he did not highlight it. In this case he left an 
adequate exposition to his pupil, Jagdish N. Bhagwati, whose article is 
now rightly the standard reference on the subject (Bhagwati 1958). 
Furthermore, the Edgeworth-Nicholson controversy on the subject 
was sorted out neatly in Bhagwati and Johnson (I960). 

Harry later came back to immiseri/.ing growth in two short notes. In 
“The Possibility of Income Losses from Increased Efficiency or Factor 
Accumulation in the Presence of Tariffs” (1967c/), he showed in the 
usual two-sector general equilibrium model that technical progress or 
capital accumulation could bring about a fall m real income even 
when the terms of trade do not change—that is, in a small country 
model. This becomes a possibility when technical progress is concen¬ 
trated in the protected industry, or the importable is relatively capital 
intensive and capital accumulates, the cost of protection rising so 
much as to outweigh the income gains obtainable in fiee trade. Tins 
possibility was actually first uncovered by Dales (1966), who ex¬ 
pounded it in partial equilibrium terms and whom Ilarrv acknowl¬ 
edged. In "A Note on Distortions and the Rate of (imwtb 
Economy” (1970c), the problem is to consider the < ' 
the rate of growth when there is given capital ate i 
cal progress, with the import-competing industiv 
the technical progress biased toward the import-< 

His “The Possibility of Income Losses" (1967c/) sr 
would lower the rate of growth m this case bee an- 
effect of the growing cost of protection. On the mini * 
might expect that the more production is shifted toward the indus¬ 
tries intensive in the faster-growing facloi, the gieatei the weight of 
that factor’s growth rate in the total growth rale and hence the gi eater 
the rate of growth. Harry found that the grow th result could go either 
way, though he did not succeed in obtaining any simple results. 1 his 
issue deserves further study. 

In 1971 Harry published two further substantial, though overlap¬ 
ping, articles on trade and growth, one in the Kindleberger festschrilt 
(1971c) and the other in the Journal of International Economies (1971c/). 
His aim was to extend the static H-O-S model to include endogenous 
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capital accumulation with a constant savings ratio and constant popu¬ 
lation growth. He built on the work of a group of “more mathemat¬ 
ically-inclined theorists,” notably Oniki and U/.awa (1965), though he 
certainly brought out ef fects that are not clear in their articles. On the 
othet hand, he limited himself to the small country case in order to 
make the problem tractable with his verbal and geometric methods. 
His explic it aim was to make this broad type of analysis more widely 
accessible—“to alleviate this undesirable situation of mathematicians’ 
monopoly." 

As usual with Harry’s articles, one has to dig out the elements of 
originality (apart from the basic geometric exposition): these were his 
analysis of the effects of a tariff on long-run growth equilibrium (in 
the small country case) and the incorporation of increasing returns to 
scale into the comparative static analysis of the effects of growth on 
trade, an extension of his 1955 article. One can have resetvations 
about the exposition in these two articles. A less busy writer would 
have gone on to produce the equivalent of “F.conomic Development 
and International Trade," in which the diagrams become simple and 
the main points emerge clearly without tiresome taxonomy. One also 
wonders why he wrote these papers, since he did not believe in the 
value of this (Oniki and U/awa) body of mathematical trade theory. 
In the Wirksell Lecture (1968c/) he wrote about it: “The kinds of 
problems suggested for theoretical analysis by this procedure, how¬ 
ever, are too remote from the real world to be very interesting" (p. 7) 

I si i spec t he could not resist the temptation to clarify an inti ic ate body 
of theory, if only to show that he had mastered it. 


II. Positive Static Trade Theory 

During his years at Manchester University from 1956 to 1959, Harry 
produced three articles that represent his principal contributions to 
mainstream H-O-S tbeoty (other than the growth-and-tiade work 
discussed above) and that have become standard references, as in¬ 
numerable citations to them testify. 

He consolidated the iwo-countiy, two-factor Herkscher-Ohlin 
model in “Factor Kndowmenis, International Trade and Factor 
Prices" (1957), bunging out clearly the possibility of factoi reversals. 
It was inspired by Harrod (1958) and built aioutid a diagram 
originating in Samuelson (1949). This is one of his most widely read 
and cited at tides in pure trade theory. In his own words, its function 
was “to review the existing literature with the double object of verify¬ 
ing the accuracy of accepted conclusions and synthesizing the 
methods and results of previous writers into simpler, more readily 
usable analysis” (preface. International Trade and Eanwnuc Growth 
[1958/», p. 91), The possibility of factor reversals had been uncovered 
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by Pearce (1951-52) and further explored by Jones (195(5). In a 
sense, this paper was no more than an improvement on Harrod 
(1958), and he acknowledged this. What he did was to package the 
whole subject so neatly and tidily, with such economy ol words and 
utter clarity, that his article, rather than the various earlier papers, is 
still read and has provided the basis for textbook writers. 

“International Trade, Income Distribution, and the Oiler Curve" 
(19596) and “Income Distribution, the Offer Curve, and the Kflects of 
Tariffs” (1960c) introduced into the standard H-O-S model the ef¬ 
fects of income distribution changes, through resulting c hanges in the 
aggregate pattern of demand, on the oiler curve. Although H-O-S 
theory had brought out the effects of trade and tariffs on factor 
income distribution, it had not allowed for the fuither repercussions 
of changes in income distribution on demand owing to differences in 
the spending patterns of factor owners. Ibis introduced new pos¬ 
sibilities of instability and multiple equilibria. These two articles— 
which were later republished as one in Asfmh of the I hron of I'miffs 
(1971a)—Idled an important gap in H-O-S theorv. I hey weie tightlv 
argued, a least of verbal mathematics and intricate theoiv. The sec¬ 
ond article incoiporated the Lcrner (1936). Met/ler (1919), and 
Bhagwati (1959) cases concei ning unexpected effects of tariffs on the 
terms of trade, cm domestic ptices, and on lactoi incomes; hence it 
was also a work of consolidation. 

In a joint article with Bhagwati, “A Oeneiali/ed Theorv of the 
Kflects of Tariffs on the Terms ot 1 rade" (1961), be followed up this 
theme. The two authors showed that tariffs mav wot sen the- tei ms of 
trade by reducmg the demand for imports through a \ .n iet\ <•( "pc' 
pei ted spending effects, the government and pin 
separated. The various cases are careftilK w<> 

[rounded with great daritv, though most aie. p> 
lelevance to any practical issue. But this article 
1959 and I960 ai tides, tidied up this whole I rods 
income distribution is affected by changes in ici 
turn, through effects on demand, influences the !. 

Harry believed in the two-sector model because he 
simplicity in theorv and because he was, abuse all. a tcudici lie 
learned to manipulate it for numerous purposes I he two ai tides on 
income distribution and the offer curse (19596, 1960c) piosided the 
Inundation for much of his later two-sec tor work, discussed turthcr m 
Section VII below. 

Harry’s only other contribution to H-O-S theorv was m two short 
notes on factor-price equalization when commodities outnumber fac¬ 
tors (1967c, 1970c/). 1 he contribution ol these notes was not just to 
reaffirm the proposition ol Samuelson (1949) that the intioduction of 
extra commodities relative to factois siicngiheus the likelihood ol 



574 JOURNAL OF POLITICAL ECONOMY 

factor-price equalization—and certainly that factor prices cannot ac¬ 
tually diverge because of this —but to bring out the role of demand 
conditions for this problem: “demand conditions may make factor 
prices under trade converge less in the three-good than in the two- 
good case. ...” 


III. Normative Theory of Protection 

In this held Harry wrote six substantial theoretical articles, including 
a trilogy on the optimum tarilf and two of his most important arti¬ 
cles—on the cost of protection and on domestic distortions. In addi¬ 
tion, there is a pioneering empirical piece estimating ex ante the gains 
to the United Kingdom from freer trade with Europe. 

His first contribution to the theory of protection was “Optimum 
Welfare and Maximum Revenue Tariffs” (1951-52), where he 
showed that the maximum revenue tariff must always be higher than 
the optimum tarif f and also produced a neat consolidation of various 
optimum tariff formulae. The latter part was reprinted in Interna¬ 
tional Trade and Economic Growth as “Alternative Optimum Tariff For¬ 
mulae” and is a standard reference. The theory of the optimum tariff 
from a national point of view (taking into account the terms of trade 
effects of a tariff) was already fully developed by the time Harry 
moved into the field. His article helped to tidy it up. 

“Optimum Tariffs and Retaliation” (1954ft) was more significant 
and ambitious. He set out to "reassert the proposition that a country 
may gain by imposing a tariff even if other countries retaliate; and to 
determine the conditions under which it will gain in a special group of 
cases.” This was done, typically, with great thoroughness. His starting 
point was the classic article by Scitovsky (1942) where the framework 
of the approach had been set out, and Harry was really concerned to 
expose an error in this article (that, once retaliation occurs, all parties 
are bound to lose). He clearly succeeded in doing so, but the real 
question must be about the way in which the retaliation process was 
conceived. Once country A imposes an optimum tariff (assuming no 
tariff by B), B then retaliates with an optimum tariff (assuming no 
change in A’s tariff). Country B’s retaliation consists of imposing an 
optimum tariff, not a bargaining tariff; and neither country takes into 
account the possibility that its own tariff will lead the other country to 
change its tariff. In a footnote Harry showed he was aware of this 
difficulty, but while a case can perhaps be made for this type of model 
in a multicountry model and when certain types of lag are allowed 
for, one must doubt whether so elaborate an analysis was worthwhile. 

Harry’s third contribution to optimum tariff theory came much 
later, with “The Gain from Exploiting Monopoly or Monopsony 
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Power in International Trade” (1968/;). He showed that the national 
gain from an optimum tariff (without retaliation) would be higher the 
greater the domestic elasticities of substitution on the supply-and- 
demand side and the higher the ratio of imports to national income. 
On plausible figures he showed the likely gain to he small. 

“The Cost of Protection and the Scientific Tariff” (1960a) was 
among Harry’s most important articles. It marked a break with the 
general lines of the “orthodox” trade theory and was the first of a 
number of contributions from him that have helped to make the 
theory of trade policy much more relevant. The first part of the 
article, influenced by Corden (1957), developed a rigorous cost-of- 
protection theory in a multigood general equilibrium framework. His 
improvement on my work was to go beyond two goods and to spell 
out clearly the general equilibrium implications. The second part, on 
the “scientific tarif f,” was influent ed by Young (1957). He worked out 
the minimum-cost tariff structures required to achieve \aiious non¬ 
economic objectives, his aim being to formalize the logic of actual 
tariff policies. A development of this article was “The Costs of Protec¬ 
tion and Self-Sufficiency” (1965a) in which he attached magnitudes to 
the consumption cost and the production cost of protection (com¬ 
pared with free trade) on the basis of plausible social ulililv functions 
and transformation curves. He granted that “the model . . is far too 
simplified to permit the drawing of any very firm conclusions a Iron t 
reality, . . but concluded, among other things, “that the costs of 
protectionist policies are unlikely to Ire large enough, relative to po¬ 
tential maximum national income, to account for mm h of the < v isiin j 
major differences between the real per capita nut 
various countries” (p. 371). 

“Optimal Trade Intervention in the Presence 
tion” (1965c) has proved to be one of Harry’s r 
more so, possibly, than his I960 “Cost of Proti 
greatly influenced my own work, I can hardly l» 

He showed that in the presence of domestic distoi ihiiim 
never first (rest, and that if trade taxes are used to eliminate the 
original distortions a net loss may ensue. He worked svstematicallv 
and brilliantly through the principal arguments for protection, no¬ 
tably arguments resting on factor immobility oi factor-pi ice ligidilv 
and the infant industry argument. It is tine that the basic idea could 
be found earlier, in Meade (1955), Hagen (1958), and Bhagwati and 
Ramaswami (1963). Harry acknowledged as his piiucipai inspiiation 
the last article (“to these two authors Iielongs the c ledit lor reduc mg a 
mass of ad hoc arguments concerning tariffs to a simple applic ation of 
second-best welfare theory"), but any comparison with this paper, the 
article by Hagen, and the (took by Meade must show how mm It of an 
advance Harry’s article made on its predecessors. Apart from the 
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beautifully expounded details, he provided the correct focus. Natu¬ 
rally, the subject has advanced since then, partly through rediscovery 
of themes in Meade (1955) and clarification of various implicit as¬ 
sumptions of “domestic distortions” theory. Harry himself later 
looked again at the infant industry argument. 

Finally, mention must he made of his one empirical article in this 
field, “The Gains from Freer Trade with Kurope: An Estimate" 
(1958u). Here he applied simple Marshallian (partial equilibrium cost 
of protection) analysis to a current problem, using ex ante data pro¬ 
duced hv Britain's Economist Intelligence Unit. The approach was 
hold and quite simple in a way that has subsequently become fashion¬ 
able, hut the fact is that it was one of the hist calculations of this type, 
an advance on the “cash cost of protection” calculations previously 
made in Australia and Canada. Hence it is an important, much-cited 
article. 

IV. Customs Union and Tariff-bargaining Theory 

Harry's princ ipal contribution to orthodox (Vinerian) customs union 
theory was an appaiently expository article. ‘The Economic Theoty 
of Customs Union" (I9f>0/>), which has been widely read and cited 
mainly because of the simplic ity of its exposition compared with other 
papers available at the time. But it contained two novel features. First, 
he briefly worked out a case with economies of scale (foreshadowed, 
but not fully developed, in Viner (1950)). Second, be redefined (tatle 
creation to consist of a production tni/l a tonsumptum effect—instead 
of adheiiug to the Meadc-I.ipsey usage, in which tiade cieation re- 
fei red only to a shift in the pattern of production leading to extra 
trade, while consumption shifts yielding extra trade were regarded as 
additional. The Meade-Eipsey approach meant that there could be a 
welfare gain from a Hade-diverting customs union, the gain lesulting 
from an offsetting consumption effect. It seemed much more sensible 
to Harry to combine all the effects that cieate tiade—and thus yield 
welfare gains in the simple models used—and he set these off against 
the welfare-reducing effects of trade diversion. It is surprising that 
sucli a simple insight has not been more widely accepted. Harry came 
bat k to this point later, in “Trade-diverting Customs Unions: A Com¬ 
ment” (1971/fi, w hen he felt that unnecessary complications were be¬ 
ing treated through an inelegant definition based (probably) on a 
misinterpretation of Viner. In “A Note on Welfaie-increasing Trade 
Diversion" (1975, p. 117) he argued that “this possibility is a needless 
analytical complication, since any such gain [i.e., gain from a union 
that was 'trade diverting’) must involve ;m increase in the volume ol 
tiade.” Nevertheless, in the latter article he went on to work out the 
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empirical possibility of such a case (oil the basis of plausible utility and 
production function figures and an initial 25 percent taiiff) and con¬ 
cluded that it was “probably an empty theoretical box." 

“An Economic Theory of Protectionism, Tariff Bargaining, and 
the Formation of Customs Unions” (19(55/>) was one of Harry’s most 
ambitious articles, and he regarded it as one of his most significant. 
His aim was to explain the logic of tariff bargaining and of the forma¬ 
tion of customs unions, using the idea that “industrial production . . . 
appears as a collective consumption good yielding a How of satisfac¬ 
tion to the electorate independent of the satisfaction they derive di¬ 
rectly from the consumption of industrial products" (ja. 25IS). Indus¬ 
trial production is a public good, and tariffs are used to foster 
industrial production because of a convention against exjjoit subsidi¬ 
zation. On this basis he built an extremely elaborate theorv designed 
to explain tariff bargaining, including tariff structures—nolablv, the 
potential benefits from discriminatory reciprocal tariff reductions. 
With regard to the formation of customs unions among developing 
countries, the approach seems useful and was developed at the same 
time more thoroughly in Cooper and Massell (19(55). But with regard 
to the part of the article that was more original to Harry—the part 
that was concerned with the explanation of tariff bargaining among 
industrial countries—the hypothesis of "industrial production as a 
collective consumption good" has always seemed implausible to me. 

The logic of tariff negotiations and tariff bargaining inteiested 
Harry over many years, and in various aitiiles be exploied different 
approaches. In "Optimum Tat ill's and Retaliation" (1951//) be built 
on the optimum tariff approach. In The Cost o! l’ioi< 

Scientific Tariff" (19(50//) he briefly analv/cd tl 
"bargaining tariff" “aimed at inflicting econoni 
other country or countries in order to obtain 
concessions” (p. T44). I hen there was the aj/p 
under discussion, where industrial production 
sumption good, and a countie s atm in bargain' 
exports of industrial products for extia linjioit' i i. 
back to the logic' of reciprocity in "Trade Negotiations .mu >.., >. 

International Monetary System" (197(5//). where he tavoied an expla¬ 
nation of bargaining policies in terms of a balancing of domestic 
effects within each counltv—damaging effects of extra unjioits on 
particular import-competing sectors being set against expected gains 
for exporters and consumers. "Further, what is influential politically 
is not the change in the volume of production, but the number of 
people and managers sufficiently affected either adversely or favour¬ 
ably by that change to motivate them to try to influence government 
policy" (p. 21). This is by far the most plausible framework and gives 
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an appropriate weight to the reluctance of governments to take ex¬ 
plicit action that will damage particular sections of the community. 
Clearly, had Harry lived he would have developed this line of thought 
further and might neatly have consolidated the various possible ap¬ 
proaches to explaining negotiating processes. 

Another article that might be noted at this point is “ The Implica¬ 
tions of Free or Freer Trade for the Harmonization of Other Policies” 
(1968c). This dealt exhaustively with an issue then and now relevant 
in the European Economic Community (and also in Canada, with 
regard to a possible free-trade area with the United States). It must 
now be the standard reference on the subject. His conclusion was that 
"a free trade area does not in and of itself require extensive harmoni¬ 
zation of other policies. . . .” ”. . . such harmonization is more a matter 
of (housing to augment the benefits of free trade than of being re¬ 
quired to harmonize as a result of free trade.” 

V. Effective Protection 

Harry will always be known as a pioneer, as well as popularize! - , of 
effective protection theory. He wrote five articles in this field. His 
pioneering contribution was based on a lecture delivered in C.eneva, 
“ The Theory of Tariff Structure, with Special Reference to World 
Trade and Development” (1965c/). in which he explored many as¬ 
pects, chatacteristically correcting an error or imprecision in Barber 
(1955) concerned with the veitical escalation of tariff rates. This 
Geneva lec ture was the first really theoretical article on the subject, 
closely followed by my own (Corden 1966), Apatt from a late article, 
his writings on this subjec t were always rather piecemeal, and in this 
case he left the consolidation to me. 

“A Model of Protection and the Exchange Rate” (1966/z) brought 
out rigorously a paradoxical general equilibrium implication of an 
ef fective protection model—“the possibility that tarif f structures may 
bring about a situation in which appreciation rather than depreciation 
would be necessary to preserve equilibrium under trade liberaliza¬ 
tion.” “Nominal Tariffs, Indirec t Taxes and Effective Rates of Protec¬ 
tion: The Common Market Countries 1959” (1967), written with Her¬ 
bert G. Grubel, was an important contribution, extending effective 
protection theory and making calculations to include excise taxes. 
The actual method used was subject to some valid criticisms from 
Gamir (1971), but this does not detract from the general significance 
of this article. “The Theory of Effective Protection and Preferences” 
(I969/>) was, to some extent, an act of popularization and drew exten¬ 
sively and explicitly on my work; its particular contribution was to 
integrate effective protection theory with the theory of preferences, 
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an interest that came out of his work on economic policies toward less 
developed countries. Finally, “Effective Protection and Ceneial Eijui- 
lihrium Theory” (197 \b) is a broad, very condensed survey of all the 
main general equilibrium issues raised by effective pi oti c t ion and is 
much influenced by my own work. Harry’s own conn ibutiou— 
introduced characteristically without warning—is concerned with the 
pure trade theory case where there are more commodities than fac¬ 
tors. He has difficulty reconciling this with the usual effective protec¬ 
tion approach. He struggles with it, looking for simplic itv witft the aid 
of his favorite “Lerner-Pearce” diagram, and almost gives up, con¬ 
cluding realistically “that the prevailing mixture of general and par¬ 
tial equilibrium analysis is the most reasonable appioach lot piactical 
economists interested in commercial policy questions, in spite of its 
rather shaky foundations in pure international trade tlieorv." 

Harry always acknowledged the Harvard doctoral thesis of William 
Travis as ttie source of his inspiration in this field, though he must 
have been influenced by Barber’s (1955) article—“Canadian 1 at ill 
Policy”!—which developed the effective protection concept. One of 
the earliest empirical works—calculating “elfectnc protection for 
labor" for the United Stales—came from his Chicago student Cinrgio 
Basevi (1966). Hatrv’s connibution was to show rath awareness of 
the importance of the concept, to spiead the simple idea and ibis 
awareness in the way he knew so well, with an emphasis on the idea's 
relevance for international trade negotiations, and to scut out some 
particular theoretical points. 

VI. Wicksell Lecture and After 

In his Wicksell Lecture, “Comparative Cost and ( on " 

Theory for a Developing World Econoim" (I96 v 
break away from orthodox international tiade tl" 
who had been accustomed to ivittg up even em 
assumption, this lecture was a depaiime lie wan" 
neofac tor propoi lions and the ncotcc hnologv li 
take into account inlet national movements ol skii . 
drain), the international cot potation, and the mm h no. 
time) technological gap between the United States and oe'Un. 
Europe. His purpose was "to attempt to svntliesi/e the tec cut devel¬ 
opments in the theory of international trade . . . in a htoadet ap¬ 
proach to ;i dynamic theorv of comparative cost and ol coinnieicial 
policy—in a developing world" (p. 8). 

I he result was a stimulating loin d'horr.oii of Hade theoncs- an 
attempt to spell out the logic of (and develop further) the I’osner- 
Hufbauer-Vernon theories of technological gap tiade and ol the 
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produc t cycle. and much else. Apart from a super/) survey and sys¬ 
tematization <>/ the new theories of trade, tie developed his basic 
theme—the application of a generalized approach to capital accumu¬ 
lation whereby not only the accumulation of physical and human 
capital but also the growth of technology and knowledge in ail forms 
are parts of a capital accumulation process. 1'his takes place unevenly 
among countries—for reasons he discussed in detail—and then leads 
to a number of different processes of knowledge diffusion or transfer 
of production from the country of innovation to foreign locations. A 
subsidiary theme—which formed the basis for two important articles 
later—was that the extent of investment in knowledge and its diffu¬ 
sion would be socially suboptimal because of its well-known nonap* 
propr iability and public good charac teristics. 

There is no doubt that Harry valued this lecture highly, as 
evidenced by the references he made to its main arguments on many 
occasions later. In terms of its breadth, the issues it touches on or 
opens up, the sense of relevance that pervades it, and the stimulus it 
should provide for theorists and empirical woikets in the future, it is 
a major work. 

Admittedly, it is not rigorous. Too muc h is left loose. Harry 's aim 
was to produce a grand, dynamic Hec ksc her-Ohlin model with the 
original factors—labor and nature—combined with capital in all its 
forms. Vet it seems unsatisfactory to tre.it all forms of capital accumu¬ 
lation—including investment in R & L)—as in some sense similar. It is 
impoitant for the pattern of trade what sort of capital is being ac¬ 
cumulated. It has been shown that human and physical capital must 
be kept sepal ate if the l : .S. pattern of trade is to be explained (bran- 
son 11177). Of coui.se. Hai i v was aware of this, as of almost anything 
m this field that other scholais might think of. but this Iodine cues 
out for more theoretical work, and the fad that so much insight and 
potential foi the development of international economics had to be 
left loose is itself one component of the tragedy of Han v s eailv 
death. I he leader is also distrac ted by a whole range of side issues 
relevant but not cent 1 al to the main theme. One feels that Harry's 
mind was filled with thoughts in this field and, breathlessly, he had to 
spill them all out. Nevertheless, the Wicksell Lecture is a classic in 
international economics—-an imaginative paper that showed Harry at 
his best as a man of broad vision, able to extract oidet cun of some¬ 
what chaotic theoretical developments and piecemeal empirical work. 

It is a paper that should inspire all laboreis m this vineyard, espec iallv 
graduate students m dangei ol getting the impiessioti that trade 
theory consists mainly of at id model building. 

Three substantial articles form part erf Harry's "Wicksell petiod." 
namely, “Some Kconomic Aspects of Brain Drain” (l%7c), ‘The 
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Efficiency and Welfare Implications of the International Corpoia- 
tion" (1970«), and “A New View of the Infant Industry Aigumem” 
(1970/)). In addition, he really let himself go in one of his last papers, a 
contribution to the Noliel Symposium on the International Allocation 
of Economic Activity, “'I et hnology. Technical Progress and the In¬ 
ternational Allocation of Economic Activity" (19776). 

The brain drain article is a brilliant, comprehensive, compact sur¬ 
vey of all the issues: Canadian, British, and developing countrv as¬ 
pects are covered; taxation, income controls, and externalities are 
allowed for; and unsound arguments are demolished. No stone is left 
unturned. 1 his must be a standard reference in the economics of 
migration. His main conclusion is that the brain drain need not be 
harmful (though it might be). The paper is notable for a peisonal 
testament: "I adopt a cosmopolitan liberal position, and regard 
nationalism as one of the less pleasant mental vices in wine h mankind 
indulges itself, or as one of the characteristics of childish immaturitv 
out of which I hope the people of the world will ultimately grow" 
(1967c, p. ,‘179). 

The muc h-cited “International Corporations" paper is built around 
the idea that the primaly function of the multinational enterprise is 
the generation and international transfer of productive knowledge, 
and that “it does not necessarilv follovv that recompense iluough 1110 - 
itopolv profits on the use of the knowledge is the ideal nriangement 
lor the host countiv" (pp. 10-11). I It* was seeking a 1 .itionale for 1 lie- 
various dissatisfactions of host tommies with foreign multinationals. 
As a Canadian, he had long thought about these dissatisfac Hons I he 
paper also contains a detailed analvsis of vaitotis atgup-' ■" 1 •" •• 

striding invvaid foreign investment, though it p’ 
various popular considerations that lie would ha 
economic." 

“A New View of the Infant Industtv Aigutn< 
the same theme: ", . . the essential nntutc o' 
ai gumenl is now c le,u What is involved is an no 
of acquisition of knowledge which is soctallv pi on, . 
unpiofilable because the piivate tnvestoi cannot apjn • | ■, 
whole of the soc ial ret 111 it f 10111 his investment" (p 60). \\ hen knowl¬ 
edge is a private good, there ts no inlant industtv aigtuneui I he 
protection issue arises when "the lelevant learning process has the 
inherent character of a public good" (p. 67). 1 radiiionallv. the infant 
industry argument has been defined as an argument tot temporal v 
intervention to protec t a new venture, inespec live of the some e of the 
conditions whit h justifv intervention, as in Ins "Domestic Dtstot ttons 
papet. But here he sought to narrow the definition—the essential 
feature of infants being ignorance, and the .11 gument being confined 
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to grounds which relate to the creation and diffusion of knowledge. 
Harry explored here only one aspect of the traditional infant industry 
argument (as was pointed out in comments on this paper by Snape 
[1970]). But, within these limits, it is an important paper. 

Finally, the Nobel Symposium paper really defies summary. He 
sketched out imaginatively a stylized historical process designed to 
explain the location of economic activity and its changes over time. 
I.alior, capital, and technology are all mobile in varying degrees. He 
came back to the technological gap issue and why it is sometimes 
uneconomic to apply the “best" technology, and he stressed again the 
Wicksell point that “technology is a form of capital, and its availability 
alterable by investment.” This must be regarded as a most stimulat¬ 
ing, but incomplete, paper, and I hope it will be taken up and devel- 
oped further by international trade theorists. 


VII. Other Writings 

We have now surveyed Harry Johnson’s major contributions to non¬ 
monetary international trade theory, yet an incredible number of 
publications remain to be noted—some of extremely high quality, 
including several surveys and his most widely read book. 


Slaveys 

Harry was, of com sc. the surveyor general of the subject. In almost 
every artic le he suiveyed the relevant literature before launching into 
his own contributions. Sections of the Wicksell Lecture stand out as a 
survey of the new theoiies of trade. Apart from this, his three most 
notable surveys are "International Trade Theory and Monopolistic 
Competition Theory” (1967/;), the survey of international trade 
theory in the Encyclopedia of the Social Sciences (1968 d), and “The Stan¬ 
dard Theory of Tariff's” (1969«). 

The “Monopolistic Competition" survey was a conscientious at¬ 
tempt to dig up everything that had ever been written on monopo¬ 
listic competition and international trade—and he uncovered a sur¬ 
prising number of articles. But his main conclusion was that the 
theory of monopolistic competition had made virtually no impact on 
the theory of international trade, mainly because it was partial equilib¬ 
rium and “appears to have no macroeconomic implications essentially 
different from those inherent in the assumption of pure competition 
habitually employed in international trade theory” (p. 204). However, 
he repeatedly came back to this issue, notably in the Wicksell Lecture 
and related writings, and stressed the relevance of monopolistic com¬ 
petition and product differentiation to the Wicksell issues. 
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The encyclopedia article is a superb piece of writing, showing Har¬ 
ry’s ability to verbalize complex theoretical ideas, his historical per¬ 
spective, and his sense of proportion. In spite of subsequent develop¬ 
ments in the field—some of which he foreshadowed in brief 
remarks—it still repays reading and ought to have been reprinted in 
one of his collections. 

“The Standard Theory of Tariffs” is a concise, very carefully writ¬ 
ten survey of the theory of tariffs as it was before the new ideas of the 
1960s—effective protection, domestic distortions, and so on. It con¬ 
tains some new geometric devices. Harry said in the preface to Aspects 
of the Theory of Tariffs that the standard theory “struck me on re¬ 
consideration for this book as less scientifically valuable than the prior 
work on which it had been founded,” but it is a pity he did not reprint 
it. Another well-known survey is “Tariffs and Economic Develop¬ 
ment” (1964A), which was updated somewhat in another survey, 
“Commercial Policy and Industrialization” (1972a), a lecture deliv¬ 
ered in Panama and particularly directed to small countries. Finally, 
“Direct Foreign Investment: Survey of the Issues" (I972A) is a tight 
and comprehensive survey of the foreign investment issues from both 
a host and a home country point of view, much influenced by his 
lifelong involvement in the Canadian debate and also by Caves (1971). 
An original section deals with the effects of capital inflow on real 
wages, showing that these might fall. There is no better concise sursev 
of the subject. 

Two-Sector Model 

International trade theorists pioneered the dc 
two-sector general equilibrium models, and n L 
some time that their techniques could be appi 
trade theory—as evidenced by Meade (1963) .11 
lions to two-sector growth models. Ham reali 
this, with one short book. The Two-Set toi Moth l - 
(1971c), his joint text with Melvyn Kiauss, (leiui,., - , 
sis: A Microeconomic Text (197-1), and, in addition, a uumU 1 . . .... 
out articles on “Factor Market Distortions and the Shape ol the 
1 ranslormation Curve” (1966a), “O 11 the Shape and Location ol the 
Production Possibility Curve” (1973) with Krauss and Skouras, “A 
Note on Factor-Income Distribution and the Factor-Owner Produc¬ 
tion Block" (1976a), “A Note on the Geometry ol the Two-In-1 wo 
General Equilibrium Model" (1977a). and “Factor Intensities and the 
Shape of the Production Possibility Curve" (written with la/ondo and 
Yeh in 1977 and published in 1981). I he 1966 article geneiated a 
considerable, if rather esoteric, literature. It reallv belongs to the 
positive theory of domestic distortions and hence has been rather hard 
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to place in this survey. A common feature of much of this work 
involved the use of the Lerner-Pearce diagram and the development 
of some complicated geometry around it. Harry believed in the value 
of geometry as an expository device to spread economic literacy. He 
put this case strongly in his The Turn-Set tor Model of General Equilibrium. 
“Second, and more important, geometry lends itself far more readily 
than mathematical analysis to the communication of economic analy¬ 
sis to masses of students (though this advantage may be eroding as 
students in general become more numerate)." 

A central theme of Harry’s “two-sector” writings was a concern with 
income-distribution effects. His work in the field of income distribu¬ 
tion falls outside the scope of this survey, but it was a valuable by¬ 
product of his facility with general equilibrium two-sector models 
derived from trade theory. His most influential article here is "The 
Effects of Unionization on the Distribution of Income: A General 
Equilibrium Approach” (1970), wiitten with Peter Mies/kowski. As 
mentioned earlier, much of this work might be regarded as a continu¬ 
ation of his two classic articles on income distribution and the offer 
curve ( I959h. I'JtiOc). 


International Economic Relations 

Hat ry's most widely read book is probably Economic Policies tawcnd Less 
Developed Countues, written at the Brookings Institution in 3 months. 
It is a tout de force. Magpie-like, he picked up bits and pieces of the 
latest relevant research and adapted and lilted them all into a cohe¬ 
rent framework. Utterly rigorous, clear, and balanced, the book cov¬ 
ers numerous aspects, including the political, of the subject. It was his 
most successful ventuie in “spreading economic litetacv." He did not 
avoid complex arguments and exhaustive analysis, but. aside (rout 
some footnotes, the exposition is all verbal. Spread through this book 
are many insights, but perhaps the princ ipal contribution is the analy¬ 
sis of the UN Conference on Trade and Development (UNC I AL)) 
scheme for temporary trade preferences for manufactures, which he 
showed to be a version of an infant industry argument for protection 
and also related to the theory of effective protection. The book is 
sympathetic to the UNCTAD ideas and motivations. In later years, 
Harry lost patience with the rather woolly and extravagant proposals 
described as “The New International Economic: Order" and wrote 
seveial critical, even fierce, papers on the subject, reflecting particu¬ 
larly on the class interests of international bureaucrats. 

In addition, Harry wrote numerous papers, overlapping with each 
other in content, on international trade negotiations, “alternative 
trade strategies for the seventies,” the trend to protectionism, and so 
on. For a short time he became an advocate (rather than an analyst) of 
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a particular scheme, namely, the proposals for a multilateral free- 
trade area. The World Economy at the Crossioadi (1965c) brought to¬ 
gether much of his thinking in this and related fields at an early stage. 
It went into three impressions. Always in these writings he main¬ 
tained high standards of rigor and clarity. His last paper in this area, 
“Trade Negotiations and the New International Monetary .System" 
(1976 h), reflected on the effects of flexible exchange rates on trade 
negotiations. 

VIII. Some General Reflections 

What did Harry believe about the role of theory and about the state of 
international trade theory in particular? Did his own work conform to 
his stated beliefs? These are interesting issues in themselves, but thev 
have been highlighted recently by the view expressed in Lipsev’s 
(1978) survey of Harry’s contributions to trade theorv, namely, that 
Harry believed in “the emptiness of qualitative economics." 

There is really not much difficulty in determining what Harry be¬ 
lieved—he expressed his views dearly and forcefully in print on mans 
occasions. The best statement can be found in “1 he State of 1 heorv 
in Relation to the Kmpirical Analysts” (1970c). The relevant (passages 
are too long to quote fully here, but he distinguished between (1) the 
role of theory in the context of empirical research and (2) the bioad 
role of theory “as a systematic approach to the undeistanding of 
economic phenomena and as the organi/ation of dis< iplmed thinking 
about these phenomena and about policies relatin'.' '<• • 
first role its (unction is “to cast up empirically n 
explanatory hypotheses, and the value of a then, 
its explanatory |»ower in comparison with its in 
role, the purpose is “to abstract fiom the complex 
a simplified model of the kev relationships beiw 
independent variables, and to explore the pov. 
implications of changes in the ‘givens’ of this livpoll,, i . 

pointed out that “the theory ol international nude h.o. 

primarily theory in the second sense” (p. 10). 

Harry’s view of the role of models was well stated in Ins last ve.u 

. . the purpose of models, and of teachers in general, is to instinct 
students in the simplest elements of a problem Once thev have that 
basic understanding of interconnections, the next stage is to look at 
the real world and trv to see the simple interconnections operating" 
(Ohlin, Hesselborn, and Wijktnau 1977. p, 99). At the same tune, he 
was well aware of the need to adjust models in the light ol new empir¬ 
ical evidence. I bis comes through strongly in " 1 he State of l heorv in 
Relation to the Kmpirical Analysis" and. above all. in the Wicksell 
Lecture. 
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In his later years, Harry became impatient with the "pursuit of 
arcane analytical problems.” He felt that the trend to mathematical 
theorizing was discrediting trade theory among the general body of 
economists and preventing its wider application to economic policy. 
One of his earliest references to this view was in his review of Staffan 
B. L.inder’s Essay on Trade and Transformation (1964a): “This shift of 
emphasis is overdue, as is a recasting of the mathematically over- 
elaborated present framework of trade theory” (p. 86). The theme 
ran through various papers in his Wicksell period. He stressed the 
need for some understanding of history and of the history of political 
economy. (On his views, see esp. his contributions to Samuelson 
(1969c]; “The State of Theory in Relation to the Empirical Analysis” 
[1970c]; and “The State of Theory” [1974a].) 

Of course, he might be accused of not having followed his own 
precepts. Some of his early writings were not only mathematical by 
the standards of those days but also overelaborate, and other articles 
were substantially verbal or geometric mathematics of which the same 
criticisms could be made. Nevertheless, he always showed an 
awareness of the need for relevance. This is clear from the preface to 
International Trade and Economic Growth and runs through many 
(though not all!) of the papers collected in Aspects of the 'Theory of 
Tariffs. But relevance and simplicity were not his only concerns. In his 
early days, he had an iconoclastic desire to show that nothing simple 
said by a British (or other) economist could possibly be true. At times 
he enjoyed the pleasures of mental gymnastics. In addition, he 
wanted to show that he could understand and practice complex 
theory if he really chose. 

Finally, something must be said about Hairy’s broader role in the 
development of international economics. While this survey has been 
devoted to Harry’s own writings, his contributions to the field go well 
beyond the work published under his name. His interaction with a 
vast number of economists is well known. I think he must be given 
some part of the tredit for numerous important articles published by 
others over a period of more than 20 years. If the list of acknowledg¬ 
ments in a paper contains his name, it can safely be assumed that he 
made a difference to the paper. Perhaps he encouraged the author 
initially, perhaps he directed the author’s attention to some other 
work not yet published of which the author should have been aware, 
or perhaps he suggested redrafting, following up new lines, and so 
on. Above all, he had the remarkable ability to guide numerous au¬ 
thors in fruitful directions. He was able to see a contribution— 
however apparently narrow—in the perspective of the whole field 
and in the light of the scientific development (as he would put it) of 
the subject. 
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It can be assumed that he had a significant role in most or all articles 
in international economics published in the Review of Economic Studies 
and in th e Journal of Political Economy while he was an editor. Me had a 
flair for seeing which articles were likely to become important in the 
field. A list of some artic les in international trade theory published in 
the Review of Economic Studies or the Journal of Political Economy under 
the Johnson regimes will perhaps make the point: Jones on factor 
proportions theory (1956), l.ipsey and Lancaster on second best 
(1956-57), Bhagwati on immiserizing growth (1958), Kemp and 
Jones on variable labor supply (1962), Bhagwati and Ramaswami on 
domestic distortions (1963), Balassa (1965) and Corden (1966) on 
effective protection. Cooper and Massell on customs union theory 
(1965), Kenen on nature, capital, and trade (1965), and Jones on the 
general equilibrium two-sector model (1965). 

His interaction was certainly a two-way process. He kept his eyes 
and ears open for the latest idea, whether at a seminar or in a draft 
paper, and if it fitted into his own framework of thinking, he would 
not hesitate to use it and publish it even before the original author 
had published it—but always with full acknowledgments, and in fact 
providing advance publicity lor the other’s forthcoming paper. He 
played a key communication role in the field, ensm ing that the paper 
that X was drafting took into account the unpublished ideas of Y in 
some faraway place. The greatest dime in his eves was to fail to 
acknowledge adequately. He could forgive a lack of adequate credits 

to Samuelson or Hic ks but not to the seminal wiiimg'- ■ 1 . <• 

economist in Australia, Burma, or Canada 

Harry was thus “a builder of intellec tual 1 
(1978) has correctly stressed. He was a broke < 
some of the middleman's value added. His wen 
striking. It is usual for great economists at a 
Chicago or the two Cambridges—to interne i w 
students, colleagues, or visitors, whether pi c m ,, 

build up “schools." But Harry’s circle was woildwidc .. 

institution bound. In this respect, as in so mam othcis. he was the 
complete internationalist. He was the eneim o! academic as of other 
forms of provinc ialism. 
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Harry Johnson as a Macroeconomist 


David Laidler 

L’mveisity of Western Ontario 


I. Introduction 

Harry Johnson’s reputation as a inatroeconomist rests at least as 
much on his contributions to policy debates and on his widely read 
survey articles as on his original research. II one looks at his written 
work from the narrow vantage point of North America, it is easy to 
underestimate its importance. Much of what his later writings contain 
was without a doubt "well known at Chicago” when it was published. 
However, Harry’s capacity for absorbing “oral tradition” was matched 
by a considerable ability to contribute to it, and it is dangerous to infer 
a lack of originality from this fact. In any event, in macroeconomics, 
his chosen audience more often than not consisted of research work¬ 
ers, teachers, and students outside the major centers, not to mention 
policymakers and “interested laymen." His ability to synthesize and 
expound the issues being tackled and the results being attained in all 
areas of the field ensured (hat their significance was grasped by the 
profession at huge far more tapidly and effectively than otherwise 
would have been the case. For this reason alone he is a figure of 
considerable importance in the recent history ol macroeconomics. 

A number of questions naturally arise. What kind of mac¬ 
roeconomics did he expound? How did it evolve over the years? How 
much did he himself contribute to the body of knowledge that he 
expounded? How much did he take from others? And why did the 
evolution of his thought take the path that it did? Virtually eveiy 


1 ,uu to VuiDiia On<k, Dennis Coppock, 1 dih Gouuheiie, Clark I nth. 

Maims Miller. Michael Parkin, Don Patinkin, France) Spinel li. and Gcoi j>e /.is (oi 
comments on an earlier dralt wine h was pi refuted at die Money Study Gump L'nivri- 
sity ol Mane liesiei Conference, held in memory ol Hairy G Johnson, April 10 II. 
1978. 
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reader of this paper will already have his own views on the answers to 
the foregoing questions, and it would be as well to outline mine at the 
outset. Harry’s macroeconomics evolved in a direction that led him to 
pay increasing attention to monetary factors, but he never became a 
“monetarist” as the term is understood in North America. 1 11 His origi¬ 
nality in this area was not of the very highest order, but by any rea¬ 
sonable standard it was considerable: none of his papers makes a brst 
approach to a new problem, but a number of them represent impor¬ 
tant contributions to bodies of literature opened up by others. More¬ 
over, his survey papers and policy writings show f requent and highly 
original insights which he did not always systematically follow up 
himself. Finally the evolution of Harry Johnson’s macroeconomics 
had very little indeed to do with the fact that he held a chair at the 
University of Chicago. The evidence of his published work shows that 
his views stemmed naturally from his perceptions of what the impor¬ 
tant issues of macroeconomic policy were and f rom his bringing to 
bear upon those issues the body of theory and empirical evidence that 
the published macroeconomic literature provided—including, of 
course, contributions originating in Chicago. 

II. The Cambridge Keynesian 

Harry began as what fie himself termed a “Cambridge Keviicsian 
(see McKinnon, ed., 1976, p. 298). In the eativ 1950s, like main 
people working on macro and monetary problems in Binish univer¬ 
sities, he subscribed to two only loosely connected bodies of mac¬ 
roeconomics, rather than one: pure monetui \ tlieor. 
about monetary polity as it was actually comb 
worked. The former cast only a limited tigh 
commentary on Sir Dennis Robertson in the />' 

(1951-52) is purely about the logic of an e< < 
any clear-cut reference, it is obvious that tie 
largely Modigliani’s (1914) Eronometrua pupc 


1 lilt* evolution ot Hum's inatioetnnoinu s was o! coiiise but ■ >n<- aspect ot his 
evolution Us ,1 politicul economist Ovei the ve.us lie iindouhtcdlv moved limn l< ll lo 

11 r igbt " I Ins was not Ivec ausc lie l>ei nine uu leasinglv ton tide! 11 m die powet s ot mm ki t 
tones to solve social problems. but i.ulm bemuse lie Ihc.uuc me 11 asmglv |>i ssiinisii, 
alxmt the willingness and alnlitv ol governments and biiieaui i a< it s to solve i Inise same 
problems. Ile said as mutIt in the tlosing passages ol tliepulait to tin l‘.r<7 edition ol 
his Canadian Qimndnnt (I'JCM) It is lat lievond the scope ol this ess.tv to go into all ot 
these matters However, let me asset! that |tis| as bis inactoeconoinics evolved as lie 
subjected economic aualvsis to rmpuicu! evidence, so 1 am sute dial suiuiat tones 
governed bis blunder development I be coiurarv vtevv. ptoposed In lUingw.m (I l l77i 
that Hairy’s views changed as a lesull ol "niguuig with an ideologue.' will no doubt 
appeal to anyone loo la/v to engage in a stmilat esentse on Ins own aicouni 
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from this essay whether, for example, he believed the fixed or flexible 
price version of the 1S-LM model to be the more relevant, or whether 
he believed the liquidity trap doctrine to be important or unimportant 
as a practical matter. To Harry in the early 1950s it was the job of 
economic theory to derive the different implications of different fac¬ 
tual assumptions, and that was all. Having just lambasted James 
Meade (Johnson 195 \b) for pretending that theory could do more 
than that, and for slipping his own liberal (in the old-fashioned sense) 
ideology into what purported to be a theoretical discussion, Harry was 
understandably careful indeed about maintaining the purity of his 
own theoretical writing. 2 We have to turn to his articles on policy 
issues to find out what he thought was of practical significance, as 
opposed to what he knew to he logically true, in macroeconomics. 

I'he 1950s in Britain saw the revival of monetary policy alter a long 
period of pegged interest rates and direct government control over all 
aspects of credit allocation. They were also years of creeping inflation. 
Both circumstances led to substantial academic discussion—and 
Harry was deeply involved in British debates. His contributions dis¬ 
play a considerable uniformity of view until 1956. In 1951, on the 
vety eve ot the revival of monetaiy polity, he published, in the Eco¬ 
nomic Journal , “Some Implications of Secular Changes in Bank Assets 
and Liabilities in (ireal Britain" (1951<t). He noted the immense 
growth in the money supply and the public debt since the 1950s, and 
because “overcoming inflationary pressure” rather than “chronic de¬ 
fective demand" was likely to be the major policy problem for the 
future, he expected those “secular banking trends . . . to complicate 
rather than to ease the problems of economic policy." Although he 
also looked for “greater c yclical stability of the money supply" to ease 
“the problem of contra-cyclical policy,” he hastened to note, "Neither 
of the effects just discussed is one to which any great quantitative 
significance can reasonably be attac hed" (1951c/, p. 556). On the con¬ 
trary, the significant implication of the facts he described was that 
“oveiall economic policy will rely on budgetary measures, buttressed 
with some degree of direct controls, rather than on monetary mea¬ 
sures" (p. 555). This was partly because the use of interest rate varia¬ 
tions “to control private borrowing would have significant repercus¬ 
sions on the cost of the public debt” but also because of “the decline 
which has occurred in the economic significance of the rates of inter¬ 
est which the joint-stock banks directly control," not to mention “the 


*In later ycais. Many was the fust to admit that the review in question was unfair 
Nevertheless it illustrates an important trait in his woik. though usually the most 
generous ot critics, generosity vanished immediately when, rightly or wrongly, he 
thought tfiat economics was l>eing piessed into the service of either ideology or per¬ 
sonal ambition. 
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generally accepted view . . . that the interest-elastic itv of investment 
is rather low” (p. 554). 

Experience during the early years of the “revival" of monetary 
policy did not change Harry’s view about how policy in fact worked, 
but he did become more forthcoming about how he thought it ought 
to work. "The revival of quantitative credit control [i.e., a satiable 
interest rate policy] [has] prepared the way for a genuine return to 
quantitative [i.e., market-oriented] methods, should the government 
in future desire it,” but the large volume of floating debt and the 
“British philosophy of government intervention" (1955, j>. 2b) made 
that unlikely. Presumably he was not unhappy about that, for he had 
earlier argued that “the case for the rationing of < red it by price . . 
is largely irrelevant . . . and open to the objection that the ability to 
pay high interest rates is not necessarily a proof of the supeiior social 
desirability of the ptoject to be financed." I le viewed t tedil rationing 
by the banks as opposed to government with sus|;icic>n on the grounds 
“that there is no guarantee that the banks will ration out a limited 
amount of credit in accordance with the national interest" (1952. |>. 
129).'' 

As late as 195b, to judge from his policy writings. Ham’s opinions 
were still nun h the same. In a major 'Hirer Banks Rrvinr arm le, wtdelv 
read at the time (195b/;). he identified the view that the quantitv of 
money is a key policy variable with the view that the total volume of 
bank credit, as opposed to advances, is the cenlial fat tor. I laving thus 
misunderstood the position, he dismissed it on the giounds that there 

were many substitute sources of credit for the t\|;es ul i ..hum 

financed by bank purchases of secuiilies. but i 
investment financed by advances. Hence the i 
advances were the important pohev variable' 

"The influence of monetary policy, and the 
seem to rest chiefly on its effectiveness as a on- 
holding, and possibly also on its influence ■ 
movements; its long-run influence on lixed ip 
G iven these vlews, it is hat dly sui prising that lie c urn 
etary policy is unlikely to be able to do much tow aids solving im 
major long-run monelarv pioblem of the Biitish cconomv. the ten¬ 
dency for Biitish wages and juices to increase nioiv i.ipnllv than 
those of Britain’s international competitors. 1 he most that monet.uv 
policy could hope to do would be to pi event the problem liom being 


A till- re. liter should Hole ili.il the loinineul on the \il»iln\ Co ju\ high inuti't 
Kiinrs (rum a footnote In Hun hison { 19M) ihcie i\ a use lul .mount ot du* «■ >'in< nt\ ft 
the entire symposium, in whu h Han v (who gives the impiesMon < !uv mg l>e< n a \< »\ 
senous )oung man indeed not vet !JO)tame in toi nunc than a little le g pulling tioiu 
Sir Dennis Rolnitson and Viuoi Morgan 
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h in* fii'l hrMiMT ftumrtan /jo/ki n| Jm 

/„ ( tncimum ww* lhM " •mi 

i» SubUMUul uiiriHftlmnirin »oul<j I«- I( , ltlllnl (i , 
oiCVeill W.tgrs f ,, * m "" ie.«VIHJ{ •* n lllb.lUttll.ll \ IAU-, su iH'iil,,., 
fiohc \ nor -.tllrnuinr ntcthmls ol ,on,iolh„ K ugg,^ 1(l . 

(Irnunil oltci mu, h <>/ •' Mrlulum. Mi« K 

,|| M ,., M on woii/c/ c/o 'to gooc/ cither Stuh methods .mvtnpt n, 
sol\t- ilu- aoiioimi problem (of inflation/ In tgnoi/ng the economic 
tours ninth piodme if." And what were those forces.- A gteat deal 
of iI k* inflationarv problem <»/ the posl-n.tr u\trs i.m J>e .iiiuhuted t„ 
ibe fdi t tli.n tlic inti ease iii produc livily .sim c l/i<‘ war lias been hugel\ 
absoi bed by increased detente expenililnre .11 1<I the advetse shift 111 
the tetins of 11 adc. ... In future. increasing piodiu tint\ should 
pet mil a steady and snbsianiial growth of 1 cal ini omc. f his would go 
l.ti toward (real mi’' "die necessary condition lor .1 woikabfe ‘ 11 . 1 tion. 1 l 
wage-pofiev’—die possibility of snbsianiial non-inf/alioiiary wage iu- 
c leases" (I95bf>. pp. 19-20). In 1951), (lien, I Ian y wasa ptoponent of 
a rather ill-dehncd mst-push explanation of inflation based on die 
failure of real income to rise and looked to die future feasibility of an 
e\en more ill-defined national wages polity to deal with die problem. 

By 1959 Many's views had changed markedly. I hough he still 
regarded inflation as a "minor evil" dial promised to bung no "majoi 
economic catastrophe" (hyperinflation or mass unemployment t a used 
bv balance ol payments crisis as, e g., I.ionel Robbins and 1’iank Faish 
tended to argue). Marry nevertheless retogni/cd dial 11 causes "a host 
of unfaiinesses—some cumulative and some temporalv, but all ii- 
ritating—between different membeis of the community, and makes 
mote complicated and friisiiaimg the (asks of economic calculation 
for all concerned, including the Government itself." 1 Me therefore 
believed dial "the c otmlt \ tan probably now at lord to trade some loss 
of output and emplovment for gi eater stability ol prices" (1958c. p. 

I a I )• Because he was "inclined to agree . . that the predominant 
factor [causing inflation) has been high demand" (p, 119), he also 
agieed that "... demand restriction offers a more effective method 
of stopping wage inflation than national wages policy But I would 
prefer to put the point another wav: that a national wages policy is 
unlikely to be either acceptable or workable unless backed up by 
adequate control of effective demand" (p. 152). 

* HjiiVn \K‘\ns(oih (tiling mild nidation in developed conntt ics ne\ci (hanged limn 
those expiesscd line, indeed, lit* piescnicd cmpimal ewdciKe (ldhlh) dial. it <m\- 
thing, nnld inflation was (nndixive to economic giowth. 
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Now this shift to a “demand pull" v iew of iufiaiion is only one as|x-c i 
of a change in view that liecomes evident in Harry's puhlislu-d weak 
after 1956. He also began to pul mu«h mine emphasis on the quantitv 
of money when discussing polity problems In IMT»7 he soil Ix-lieved in 
tfie efficacy of direct ctedit contiols “ I lie real Inte of the nedit 
squeeze has Ireen achieved . . . ihiougb dim lives u-lating to bank 
advances . . . |and| thiough bile pine base contiols. ' and he urged 
the Raddille Committee to considei whether such ‘methods cent Id 
usefully Ik* extended to include a closet sttpetvision out building 
society lending policies” (19.57c/, pp. 512- 15). However. the main 
burden of the note from which this quotation is taken was to draw 
attention to the "damning fact" that “no consolidated monev smmlv 
statement is published in this omntiv" (p 515,. I he need to improve 
published statistics was the theme of Ham s advice to the Kaddiffe 
Committee (1900), and bv the end of 1958 he had constructed Ins 
own annual seties for live monetai y aggiegates foi die period 1950- 
57 (see 1959); the fact that he was willing to engage in that kind of 
laboi, evtn with the aid of a r escarc ft assistant. is e v idem e enough of 
the importance that he bv then attac bed to the quantitv of monev. He 
saw the explanation lot the "shoiRoutings of existing monetai v statis¬ 
tics" as lying "paitlv in the fad that . . . though lip-set vice is often 
paid to the idea that monelaiv police seeks to contiol the quantitv of 
money, such control is actuailv conceived of in tea ms of its eflec is on 
the availability of money, as reflected paiticulailv in conditions m the 
discount market and the lending activities of the dealing Banks, 
partly in the fact that the quantitv iheoiv of monev, which would 
provide the maximum incentive tor the perfection of monetaiv statis¬ 
tics, has been so completely discredited, in the- eves of moo <•, ,mo 
mists, by its Keynesian rival" (1959, pp 1-2' 

I he Keynesian rival in question was 
Modigliani-IIansen IS-I.M model that had mu 
taty on Robin (son and to the exposition of w 
t.ny llieotv and Kcvnesian Ftononms 
devoted—and die exogeneous monev wage vein.’, 
model at that. Howevet, l>\ 1958 (lie l’igon ellec t. wine ic in 1952 had 
been dealt with inonecivpiic p.iieiilheliial sentence (see 19.51-52. p 
105), was presented as reducing that Kcvnesian tlicoiv to "a special 
case of . . . the neoclassical llieoiv," albeit one that “slatted (torn an 
empii it alic relevant special assumption, deiived some mqtoit.mt 
meaningful results from it, and prov ided an appioac It w hie It lias since 
proveef its usefulness for a wide range of problems” (1958c/. p. 210) 
For Harry to criticize received Kevnesian doctrine m these purelv 
theoretical terms was not new in 1958. He had presented much the 
same argument at a 1954 conference (see 1957/0. However, bv I9a8 
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he was expressing doubts about that doctrine’s practical relevance too. 
He was now arguing that the Keynesian model “has shown delinite 
weaknesses as a theory of jirices." Inflation models based on it “while 
they describe the inflationary process ... do not explain it very well. 
The problem of explaining the differing price histories of different 
countries during and since the war has led to a certain tendency to 
return to the quantity theory of money. . . . It is clear that the 
accumulation of money during the war has had an important effect; 
but I would myself prefer to employ a neo-Keynesian explanation, 
based on the accumulation of assets relative to income (these assets 
including both money and government debt) rather than one which 
stressed the quantity of money pn se” (1958o, pp. 243-44). 

Thus, by 1958, before going to Chicago, Harry had become a very 
different kind of macroeconomist from the Cambridge Keynesian of 
the early 1950s. He had of course visited the United States in 1955 
and had attended workshops in Chicago, but I can find no evidence of 
a Chicago influence on his views at this stage, at least on issues of 
money and inflation. Friedman appeared in his writings at this time as 
a contributor to the literature on the consumption function, not to 
that on monetary theory or inflation. The quantity theory-inspired 
work which he cites is A. J. Brown’s (hen! hiJUilion (1955), not the 
Chicago Studies (Friedman 1957), and the historical experience to 
which he refers in the passage just quoted is also that dealt with by 
Brown, flis argument for the importance of carrying out statistical 
studies of transactions velocity (1957/>) sets him firmly apart from the 
Chicago School, with its emphasis on income velocity, but also sug¬ 
gests the influence of Brown and his assoc iates, particularly in the 
light of work later carried out under Brown’s supervision on transac¬ 
tions velocity (see Welham 1969). Moreover, in emphasi/.ing the po¬ 
tential importance of money and government debt he looked back to 
matters which he himself had analyzed 7 years earlier (i.e., 1951(7), 
though he now assessed the significance of the relevant data very 
differently. In short, Harry Johnson’s first large step away from or¬ 
thodox Cambridge Keynesianism was taken at Manchester, not at 
Chicago, as a response to what he perceived to be the inability of 
received theory to deal with an important body of evidence. ’ 


* Two points need to lie made about die foiegoing paragraphs First, the Pakistan 
Economic Journal ankle, though published m 1958, has its oiigins in a lettuu* delivered 
in the summer of 195b. I am unable to comment on how dose the final published text 
of the article is to that of the original lei lure Also, it should be noted that there was in 
no sense a “sudden conveision” of Mai ry Johnson to the quantity theoiy of money as a 
Jesuit of reading Hi own's Great Inflation (1955). Me leviewed the book without any 
great enthusiasm m the Economic Journal (195(v;). Finally, note that the absence of any 
leference to the Chicago Studies in Many’s work up to 1959 may simply reflect the fact 
that the lx>ok was not available in England Reviews of it did not appear, as far as I have 
been able to discovei, in any British journal before 1959. 
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III. The Chicago Years 

The years 1959—66, when Harry was full-time at Chicago, saw' the 
writing of his best-known and most highly regarded contributions to 
the macroeconomics literature. The Inst of these, written during his 
first year there, was his lecture (1961) on the twenty-fifth anniversary 
of the publication of the General Theory. This completed the break 
with Cambridge Keynesianism that had begun at Manchester. 

The contribution of the General 'Theory as presented in that lecture 
was only loosely related to the IS-LM model which Harry had hitherto 
referred to as “Keynesian." Keynes’s “central theoretical contribution 
[was] that in a monetary economy the stability of employment in the 
face of changes in aggregate demand lor output depends on the 
uncertain monetary effects of changes in money wage levels, which 
changes may themselves be slow" (1961. p. 3). “ ‘Unemploy ment equi¬ 
librium’ has to be reintet preted as a disequilibrium situation in which 
the dynamic adjustment is proceeding very slowly. . . . [ I his is] a fair 
modern translation of Keynes’s |Marshallian] short-period equilib¬ 
rium technique” (p. 13).'’ There were weaknesses in the General 
Theory. Keynes “overgenetali/ed a particularly bad depression" to 
give the impression that “large-scale unemployment is the typical situ¬ 
ation of an advanced capitalist economy.” and this was important, 
given his view that “traditional quantity theory becomes relevant 
under full employment conditions" (p. 13). The lack of attention to 
“the influence of price expectations on the assets demand for inonev. 
and the associated necessity of distinguishing betwiir o il md 
nominal interest and between fixed-interest I■< 
equities” (p. 9) and the neglec t of the influeiic < 
lion were both special cases of the genet alb 
paid in the General Theory to problems of capu 
ever, much harsher criticism was reset\ed lot 
hands “a theory in which money is impoit.n 
theory that money is unimportant" (p. 15). 1 I. 
problem of inflation “concentrate on the met h.misi: 
causation of inflation; and . . . virtuallv assume awa\ the possibilitx 
of controlling inflation by monetary means" (p. 16) 1 heir bias against 
according an important role to monev had caused the Kevnesian 
approach to inflation “to degenerate into a contused and often ob¬ 
structive eclecticism” (p. 11). 


f * Han y a< knowledges die wot k of Clowei, Leoniiet. and I\itmkin in dc \ eloping dn> 
idea He does not Rive references to specific papers 

7 I he rcadei will note that Leijonludwid was later to disagiee with tins judgment 
Note though that thete is no disagreement between |ohnxon\ 1961 leetuie and l ei- 
jonhutvud’s (1968) book on the impoitaiueof capital theoi\ foi he\ncM.in eiouonms 
Their sole disagieeinent concerned the extent to which kcwics had iccogm/ed and 
coped with this ptohlem himself 
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In short, his rereading of the General Theory caused Harry to make 
his own distinction between “Keynesian economies” and the “econom¬ 
ics of Keynes” and to take the latter as the basis of his own further 
work in macroeconomics. In the light of this, it is hardly surprising 
that, though nobody understood the debates about the classical 
dichotomy and the neutrality of money better than Harry—for which 
several generations of giaduate student readers of his (1962) survey 
have reason to he gratef ul—and though nobody more enjoyed wres¬ 
tling with logical intricacies (Harry always liked puzzles), he recog¬ 
nized from the outset that the debate had little to do with Keynes’s 
attack on the separation of monetary theory and value theory. “The 
argument . . . has been concerned throughout with a monetary 
economy characterized by minimal uncertainty, whereas Keynes was 
concerned with a highly uncertain world ..." (1962, p. 17). He 
reiterated this view in a 19(53 survey, concluding, "I do not think that 
this particular controversy is of great relevance to practical work on 
monetary policy or monetaiy analysis, or even 1 think to monetary 
theory" (19<>3c/, p. 84), although he explicitly linked this conclusion to 
the absence of economic giowth from the models in question rather 
than to the absence of an analysis of uncertainly and expectations on 
which he based the opening of his critique.* 

We have already noted that, much as he admired the book, lor 
I Iarry the great weakness in the General Theory was a neglect of capital 
theory, which resulted from Keynes's use of Marshallian short-pet iod 
equilibiium to deal with problems of dynamic disequilibrium. Conse¬ 
quently, he valued highly work dttected toward making good this 
deficiency. "Friedman’s application to monetary theory of the basic 
principle of capital theory—that income is the yield on capital, and 
capital the present value of income-—is probably the most important 
development in monetaiy theoiy since Keynes ...” (19(52. p. 33). He 
praised the contributions of Ktiedinan, Spiro, and Modigliani, Ando, 
and Brumberg to the consumption function literature for the same 
reasons, as fie praised the contributions to the analysis of what we 
would now term the “transmission mechanism" that "has been emerg¬ 
ing in the past few yeais, front both ‘Keynesian’ and ‘quantity’ theo- 
list.s, as an outgrowth of the formulation of monetaiy theory as part 
of a general theory of asset holding” (19(52, p. 50). Again Friedman 

* Hairy did quality the- foregoing judgment in one respect: He thought the Cun lev- 
Shaw inside money concept (ItJfiO) was important as a theotctK.il mallet because ot its 
implications ten the Pigou elicit. In the light of the outcome ol the Prsck-Susing 
debate, his judgment heie was ol < nurse erioneous II we base interest-be.u mg money, 
it is not net wealth, but the l.M i ui\e is going to be vertical (oi at least sleep) so tlieie is 
no need loi a Pigou efted If theie is loom lor substantial sanation ill the op|Kiitumty 
cost ol holding money, on the other hand, it must l>e because money does not beat a 
competitively determined rate of return and hence is, on the maigiii, net wealth 
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was cited, this time in company with Tobin, Cagan, and particularly 
Karl Brunner, from whose work there was a lengthy quotation, as 
from one who had made an important contribution. But Friedman’s 
contribution in all these cases was seen as being to a theoretical tradi¬ 
tion started by Keynes. From the outset Harry was more critical ol 
Friedman’s empirical work, particularly of his attempts there to dif¬ 
ferentiate his approach from the Keynesian tradition as Hartv by that 
time had come to conceive of it. 

When he wrote his 1962 survey, Harry had not grasped the interre¬ 
lationship between Friedman’s views on the complexity of the trans¬ 
mission mechanism, the methodology of the famous Friedman- 
Meiselman study (1963), and the significance of Friedman's (1959) 
inability to find any well-determined or quantitatively significant rela¬ 
tionship between the demand for money and the rate of interest.' 1 In 
1963, however, Harry pointed to “a certain suspicious appropri¬ 
ateness in the Friedman treatment ot the cyclical behaviour of veloc¬ 
ity" (1963c/, p. 102). He returned to this theme more forcefully in his 
(1965) Etonomtc Journal review article of Friedman and Schwartz's 
Monetary History (1963), arguing that Friedman had deliberatelv 
downplayed the interest sensitivity of velocity because, among other 
things, “to admit interest tales into the demand function fot money is 
to accept the Keynesian Revolution and Kevlies’ attack on the quan¬ 
tity theory" (Johnson 1965, p. 396). In terms ol Hans's conception of 
the nature of Keynes’s contribution to economics he was surelv tight. 
The liquidity trap doctrine played a minimal role in that conception 
both because "speculation will take the tonn ol iimv ' ' ■ < 

secuiities of different types rather than betuc < 

(1961, pp. 8-9), and because the available 
reduced the existence of a liquidity nap in 1 
function to a purely semantic issue (see 1962 

Though Harry was not the onlv teviewei i 
interest elasticity of the demand for money - 
bin (I965«) also made much ot it—it was 1 lai i v - 
Fliedman (1966) into clarifying his views lx>t1 1 on in, 
rates in the velocity function—thev did have a idle to plav and on 
what he believed to be the essential chaiactcristic ol Kev uesian mono- 


'* Sit Johnson (I9h‘2) as tepiinied m in Moncton t.n>noutn\ (/ \\L '.pH 1 hr 

onlv wav that I can make sense ot (hr In si |mi agiaph on iliis pai*e l> dunk ihai Mai t \ 
was contused I twee'll the cl tec ts on the ti.mstnission met hanism ot tnondai v |h>1h \ ot 
pelted Intelest elasticity' and petted mteiest inelastidt\ ot ihe demand loi inonev 
function. Ihe Fnedman-Meiselman Muds was not ot tmii«e m its final tmm 

when Many wiote this liMi2 suivev aititle. As I mail it, the lust dialt ot that stnd\ did 
not contain an account ot the nansinission mechanism—ihou^h Mans mged ihe au¬ 
thors to include one- so it is pet haps nuclei standable th.it he was somewhat muddled 
on this particular issue at lhal time. 
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tary theory—the liquidity trap. Thus Friedman declined the invita¬ 
tion to embrace the Keynesian revolution, but in doing so he clarified 
the issues in such a way that those who had regarded him as an anti- 
Keynesian, but did not regard the liquidity trap as an important in¬ 
gredient of Keynesian economics, were able to come to a far better 
appreciation of the significance of his contribution to the subject than 
they had before. 10 

Kven so, critical though he often was of it, Harry always look 
Chicago empirical work seriously and learned from it. The study of 
Canadian monetary policy that he and Winder undertook in 1962 was 
strongly influenced by Friedman and Meiselman (1963), though some 
aspects of it followed Ando et al.’s (1963) lead. The conclusion he 
drew from that work (Johnson and Winder 1962), that the effect of 
monetary policy in the Canadian economy is imprecise, slow, and 
variable, led him to argue that monetary policy should be used, not 
for short-run stabilization policy, but for “creating and maintaining a 
stable long-run monetary environment” (1963«, p. 217). This was the 
conclusion of Fiiedman on the one hand and of the Radcliffe Com¬ 
mittee on the other, and in 1963 he was not willing to commit himself 
either to the Friedman view that stability in the rate of growth of the 
quantity of money should be the policy target or to the Radclifte view 
that stability of interest rates was the key. 11 By the next year he noted 
evidence produced by Friedman showing that the slackening ol U.S. 
aggregate demand in late 1962 was associated with the previous be¬ 
havior of die money stock, and he was "inclined to attach a greater 
importance to monetary policy in . . . sustaining the [subsequent] 
expansion than the Council [of Economic Advisers] does” (1964, p. 
251). Moreover, the effects in question had been the “unintended 
consequence of a policy intended to be modestly restrictive in the 
sense of raising the level of interest rates . . . that . . . turned out to 
be quite expansionary in its effects on the money supply” (p. 251). 
And for all his mutisms of it, he nevertheless argued that the Mone¬ 
tary Union of the United States documented “quite conclusively” the 


111 Friedman's reply to i iniusin mi this stoic was published in the Join not t>j Line nmt 
Etoiwmi‘\ (19(16) His subsequent exthalite with Iolmi (see Goidun 1971) essentially 
goes met all this ground agattt without ndv.tilting in.liters any lurther In tail ness to 
Friedman, it should he noted that there is ittttt It nr the lileiat me on Keynesian econom¬ 
ics tojustdv his viewi of the tenttal role til the liquidity trap doctrine, pailitularly the 
Biilish liter,lime (see, e g . Hicks !9. r >7 or Kalilor 1970). 

11 T his matter is discussed in (I96!tn) On pp 217- IH of the EMK rept hit, the leader 
will hntl a perfect statement of what would now he tailed lire “Poole problem" (t f Poole 
1970) The Ltmliihuliori of Alvin Malty to this paragraph is acknowledged, hut it still 
stands as a partitularly good example of tire way in which Hairy would put highly 
oiigmal formulations of problems into his survey pa|reis and polity writings hut not 
systematically follow them up. 
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presupposition that "the stork of money is the dominant monctai \ 
variable in the economy” (1965, p. 389). 

Neither in the papers just cited nor in any other that I have been 
able to find did Harry come close to arguing that the quantity ol 
money was all that matters. He thought that money was mine impor¬ 
tant than did the Council but not “to the point ol deinmg that fiscal 
policy was att impoitant influence on income and employment" 
(1964, p. 251); and of coutse what he regarded as an underemphasis 
of the importance of real shocks, stemming from downplaving the 
interest elasticity of velocity, was a key element of his ciiticism of the 
Monetary History. In 1965 Harry was still by his own lights a Ke\ ncsian. 
Though he was critical of the underlying methodology of the Friecl- 
man-Meiselman study (and of the Monetary History as well), pal Ocu¬ 
larly of the insistence that one simple theory could explain a long run 
of historical data—“Occam’s Ra/or is a useful principle, but there is 
no need to cut the throat of empirical research with it" (1965. p. 
395)—he accepted its results and did not find anything in them to 
disturb him: "Any Keynesian can well argue that the 1930s was the 
period for which the Keynesian theorv was designed . . and that m 

showing that the Keynesian theory works better for that pei iod Fi ied- 
man and Meiselman have vindicated the Kcviiesian Revolution" 
(1963c/, pp. 102-3). Nor did he find it dif lie uIt to accept the empn ii al 
evidence on a stable, albeit interest-sensitive, demand tor moirev 
function. As he later put it. reiterating a view that he had In them long 

held, " There is . . . nothing to prevent the ahsoipt«>" ' •'. 

ical evidence of a stable demand function fin 
of the Keynesian general equilibrium moo 
conditioned Keynesian reflex against the <u 
the conditioned Keynesian belief that ‘mom 
least, ‘does not matter much')" (1970. pp. o. 

IV. Money, Inflation, and the Monetarist I 

Though very few people would have called 

the mid-1960s (had the label then been in 

garded as such in the 1970s and, indeed, otu i, 1 

the label on himself. However. I believe 1 the evidci.. 

work shows that he had gone as far towards monctai ism In the mid- 

1960s as he was ever to go. A timber shdt towaids monctai nm altei 

1965 is an illusion, but win it is such a widelv believcd-m illusion 
needs to he explained. Part of the explanation lies in the l.m that in 

1966 Harry took up his chair at the London School ol Fcoiioimcs 
(LSE) and “conditioned Kevnesian reflexes" wcie moie prevalent in 
Britain than the United Stales. Kaldors (1970) celehiatcd attack on 
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“The New Monetarism” amounted to a denial of the existence of a 
stable demand for money f unction and a reassertion of the unimpor¬ 
tance of money; thus, in Britain, a Keynesian of Harry’s type found 
himself labeled a monetarist whether he liked it or not. However, 
other factors were also important, file problems upon which he 
worked after 1965 required that he emphasize Friedman’s specific 
contribution to monetary economics more than he had previously, 
although, as we have seen, he had much earlier tecogni/.ed and ab¬ 
sorbed Friedman’s contribution into his own thinking. 

As early as his 1961 anniversary lecture, Hatty singled out the 
failure of Keynes to take account of the influence of inflation expecta¬ 
tions and systematically to incorporate the distinction between real 
and nominal interest tates into his work as an important shortcoming 
of the (ieneuil Theory. He called attention to the importance of Fried¬ 
man's analysis of this problem in terms of a t apital theoretic approach 
to the demand for money, and a recurring theme of his commentaries 
on monetary economics thereafter was the weakness of those 
blanches of neo-Keynesian monetary theoiy that neglected this fac¬ 
tor. 1 " But of course the influence ol inflation expectations is impor¬ 
tant as a practical matter only if inflation itself is impoi taut as a pi acti- 
cal matter. As Harry himself remarked, "It is no accident that the 
appearance of monetarism as a strong intellectual movement has had 
to wait until the (inflationary! aftermath of the escalation of the war in 
Viet Nam in 1965" (1971a). Nor is it an accident that the aspects of 
Hairy’s macroeconomics most readily identifiable as having been 
learned from Fiiedman came into prominence in his own work at the 
same time; the mid-1960s was precisely the time when the analysis ol 
price-level movements began to occupy an increasing amount of Ins 
attention. Even so, it should he noted now that one i haracteiislii 
monetaiist belief—that the absence of a long-run inflation/ 
unemployment tiade-off is an emfmualh tmpottani matter—does not, 
as far as I have been able to discover, and to mv considet able surprise, 
appear in his writings. 

lake any other matroeconomist. Many was compelled by the cii- 
cumsiances of the late 1960s and early 1970s to pav attention to 
inflation as a policy problem, but he also at that time carried out 
important original work in monetary theory. Characteristically, there 
was a substantial spillover from this work on pure theory into his 
policy writings, and though the theoretical literature to whic h he con- 
tiihuted has become unfashionable, his work there still retains inter- 


In [>,ti lu ul.u . (Ik- wink ol lolnn ,in<l ilu- Yale St hoot on [lonlolio lie'll .1001 is 
sysiemail! ally < I iu< i/c-il loi llns (see. <' [» , |nhnsnii I'.ITt), l‘.)7 I), Inn Hole that I nlnn's 
woik on money and economic ['imvili is immune lo ilus (inn ism 
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est if only because of this spillover. Hie literature in question is 
epitomized in such phrases as “money in a growth model" and 
“money and welfare.” 

Harry had long been dissatisfied with the literature on the i lassie al 
dichotomy and neutral money, not only bee a use it was not dealing 
with the problem in the context of the uncettain world which he 
regarded as fundamental to Keynesian economics, hut also because it 
abstracted from economic growth. 1 lie literature on money and 
growth meets the second of these objections, hut only by completely 
ignoring the first: that is one reason why it has now fallen out of 
fashion. Harry’s particular contribution to it (1966), in contrast to 
Tobin’s initial work (19656), “stressed the necessity ol allowing money 
a function in a monetary economy, and therefore of attributing to the 
presence of money art increase in economic welfare’’ (1970, p. 109). 
In short, this paper incorporated Friedman’s analysis of money “as it ” 
a consumer durable; it showed that because the rate tit inflation in¬ 
fluenced holdings of real balances it would also influence “real in¬ 
come” and hence the savings rate, the details depending on the way in 
which savings behavior was modeled. The conclusion established bv 
this literature—and Ham's contribution sets out all the essential if- 
sults while managing also to lie the most readable paper on the sub¬ 
ject—is that the full-employment equilibrium |>iopeities of a mone¬ 
tary economy are extremely unlikely to be independent ol mouetaiy 
factors (specifically tile late ol change of the nominal money supple) 
This conclusion holds even if all Keynesian problems about imcci- 
taintv are assumed away by making inflation, and < 
that matter, “fully anticipated.’’ 11 Since one • 
employment" equilibrium that fully anticip 
is presumably the “natural" unemploy nn . 
question may he relevant to impoitani p< ! 
vance is still open to doubt. 11 In my view h 
of the upshot of the closely related money 
erature, it is likely- to remain so. 

As is well known, f’esek and Sav mg (1967) sliowc or 
outside money’’ distint lion of (mi lev and Shaw — to w I in It Hai i v de¬ 
voted considerable spate in Ins cailv 1960s surveys—aennned tioin 
endowing accounting conventions with spuiious economic content 
Once we leave a commodity money woild. the key distinction—and 
this only became clear alter a somewhat convoluted discussion to 
which Harty made an important contribution (see 19696. 1969c)—is 


M See |olinson ( I'Mto) Stum* ol the .iimInms theio ptrsenied is luitlui dew loped m 
l Ik* lattci hall ol ’ Inside Mono, Outside Monet (IWl/d 

11 I .mi indebted to Doii^l.is Ptims lot some discussions on ibis point 
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between money that bears interest at competitive rates and that which 
does not because its issue is monopolized. But all the results of the 
money in growth-models literature and the “schizophrenic policy pro¬ 
posals” that emetged from Friedman’s “Optimum Quantity of 
Money" (19(59) essay hinge upon variations in the rate of nominal 
monetary expansion influencing the opportunity cost of holding 
money. Thus, as Harry was quicker than anyone else to stress (see 
19686), they depend on the assumption of a particular institutional 
anomaly—namely, that the monetary system is not competitive. Only 
if “the practical point that the payment of interest on currency hold¬ 
ings is infeasible . . . is taken as being of predominating importance” 
(1970, pp. 106—7) does the rate of nominal monetary expansion have 
any long-run significance, and Hairy was sufficiently unimpressed 
with its impoi tance to be willing to abstract from it entirely in his most 
extensive disc ussion of these very issues (19686)- Otherwise, as far as 
he was concerned, the welfare analysis of money was significant in two 
respects: first, as a component of the case for more competition in the 
banking system, this was an important policy issue in Britain in the 
late 1960s; and, second, inasmuch as it dealt with the transition from 
commodity to Hat and credit money systems, it yielded insights into 
the problems of reforming the international monetary system. Ir> 

The notion of a fully anticipated inflation rate is fundamental to the 
literature on money in a growth-model or money-and-welfare litera¬ 
ture. 1 he recognition that if agents allow for inflation expectations in 
their portfolio behavior they are also going to allow lor them in their 
behavior toward money wages and prices underlies the literature on 
the expectalions-augmented Phillips curve. The "accelerationist hy¬ 
pothesis” follows from the proposition that, in the long run, inflation 
is indeed fully anticipated—that is, it is expected to occur and behav¬ 
ior is completely adapted to the expectation in question. Like every¬ 
one else in the 1960s, Harry was slow indeed to incorporate expecta¬ 
tions into his treatment of the Phillips curve, and once he had, though 
he immediately grasped the logic of the accelerationist hypothesis as a 
piece of economic theory, he never embraced it as a hypothesis rele¬ 
vant to the practical conduct of monetary policy in an inflationary 
environment. 

In his article “A Survey of Theories of Inflation” (1963c) Harry 
provides as good an example as one could find of a man who knows 
something without knowing that he knows it. He criticized "Keynes¬ 
ian models” that analyze inflation in terms of competition between 
various social groups for greater shares in national income because, 
unlike the “quantity theory approach,” which he identified with the 


1 'On Ifit- 1 nu 1 iMl 10 n.il inonclary system sec- Johnson (1968a). On competition in 
banking set-Johnson (1967/;). 
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Cagan-Bailey analysis of the inflation lax, they failed to recognize 
“that the processes of determining wages and prices are fundamen¬ 
tally real processes.” Protection against inflationary redistributions “is 
available to all groups in a freely competitive system, through negotia¬ 
tion of contracts to take account of expected inflation, and is increas¬ 
ingly resorted to as the fact of inflation is recognized” (1963c, p. 122). 
He even pointed out that “there are some serious doubts about the 
applicability of the Phillips curve to the formulation of economic pol¬ 
icy. ... it may reasonably be doubted whether the curve would 
continue to hold its shape if an attempt were made by economic policy 
to pin the economy down toa point on it" (pp. 132—33). Nevertheless, 
“the Phillips curve appears to be far the most reliable of [the] relation¬ 
ships” describing statistical trade-offs between policy goals (p. 133). It 
formed the basis for his subsequent discussion of polity trade-oils; 
and Reuber’s pioneering (1964) attempt to quantity, in dollars and 
cents terms, the trade-off between inflation and unemployment was 
held up as an example of the type of work which must be lurther 
developed so that the curve could be used as a basis “lor intelligent 
policy-making” (1963c, p. 141). 

It is not difficult to understand why Ham fell into this particular 
inconsistency. His writings over the years make it clear that lie- 
thought the rapid inflations experienced by underdeveloped coun¬ 
tries presented a very dif ferent set of problems 1 10111 the mild infla¬ 
tions of the pre-1970s in the developed world (sec' 1967a) I he Phil¬ 
lips curve was a potentially interesting tool lot .11 1 
while the quantity theory approach had pros 
in dealing with the former. “For the mild tv; 
the United States and other advanced conn 1 
theory) approach has not proved nearly so u- 
rate of price change has not appeared as a m 
the quantity of money demanded" (1963c. p 
pirical evidence suggested to him that the c\p 
unimportant in such a context, there was im ,. 
incorporate it systematically into his thinking ahum 0 . 

Thus even when, in the Introduction to the set ond c dnioii of I. ^.<0 10 
Monetary Economics (1969m), he noted the inconsistent \ in question, he 
argued that it was of more theoretical than piactical significance. 1 he 
importance of incorporating inflation expectations into the Phillips 
curve”. . . for the theory of macro-economic policy . depends 
on the length of time it takes for c hanges in expec latinos generated In 
experience to begin to affect behaviour significantly; and ihe empn- 
ical evidence is that the lags in adjust men! of expectations .in¬ 
sufficiently long for contemporary policy makers satelv todisiegaid 
them—even though the cumulative effect mav be substantial” Ip. x). 

I have already said that I have found no statement in am of I lai 1 v x 
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writings of a belief in the empirical, as opposed to theoretical, rele¬ 
vance of a vertical long-run Phillips curve. However, in his later work 
he certainly did pay increasing attention to the role of expectations in 
determining the economy’s response to stabilization policy and ex¬ 
pressed increasing doubts about the theoretical foundations of the 
Phillips curve itself. Thus, he argued (19686) that “stabilization opera¬ 
tions [themselves might disturb] expectations derived from previous 
experience" by way of “mechanisms [that] cannot be . . . satisfacto¬ 
rily dealt with by compressing them into the distributed lag structure 
of the economy” (p. 301). I5y 1972 he had come to the view that 
"contiary to the standard assumptions of economic theory, (he eco¬ 
nomic public does not simply respond mechanically ... to signals 
reaching it thiough the blind and impersonal operations of . . . 
competitive markets. Instead [it] engages in two kinds of political 
transactions with . . . policy-makers. . . . First, one of its major 
concerns is to guess how determined the government is about imj)le- 
menting its announced economic polities. . . . Second, the relevant 
economic public, aware of the sensitivity of government to political 
pressures, has an incentive to generate such pressures in its own 
favour" (1972, jtjt. M-l't)."’ As to the Phillips curve itself, new work 
"broadening the microeconomic foundations of the relationship in 
terms of the influence of information and adjustment costs and other 
real factors" (1972, p. (i(i) was required, a theme which he reiterated 
at greatei length (1971). 

Although he regarded neither the theoretical not the cmpiiical 
basis of the relationship to be well established, as an empiiical matter 
he seems nevertheless to have believed in the existence ol a long-run 
trade-off between inflation and unemployment, basing that belief on 
his reading of the empirical evidence—pat tic ttlarly that of Solovv, 
whose work is cited in a survey (1970), lecture notes (19716), and the 
DeVries lectures (1972).*' On the empirical nature of the Phillips 


i( * In llu* fust n( llicsr c|iio 1 ,tlion*, llir ic.ulci wilt lcco^m/c the (*c‘iin t>t tlie ‘i.illon.il 
e\peclations" icled I hr second quotation rcpiesents .t suhsnnn.il extension of the 
notion, one ihdt 1 ms not yet been taken up in the htetature. H .11 rv’s only 

twplx it i moments on the hypothesis in question on in in the intiodin lion to Ins Svlntrd 
E\w\\ (1978). which ate notable lor Ins caution o\ei the* implications ol a thoi- 
ouf’l^omg application ol the hypothesis to piohlcms ol shoit inn stahih/atioii policy 
!/ Ol com sc he should not have taken Solow’s icsults seitouslv, because those tests 
wcie Hawed (see Laidlet 1970 ) Mowevet, it is easy to tot get that in 1971 virtually all the 
available empuual evideiKt* seemed to show that there was a iong-iun mflaiiou/unem- 
ployment trade-oil ft has only been widi the giowing sophistic ation of the modeling of 
expectations that icsults Knot able lo the long-run vertical Phillips cune have been 
generated By the time that woik was |)i<Kluced, Hairy was mainly wen king on oihei 
mailers, and only in the intioduc non to Ins Seiwtrd Essays ( 1078 ) does there appear any 
hint that such woik might have persuaded him to change Ins views However. there is 
no definite statement to this effect. 
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curve, Harry’s position was thus closer to Tobin's than to Friedman’s. 
It is worth noting that Harry’s major reason lor predicting the ulti¬ 
mate failure of (he monetatist countei revolution (197b/) was rooted 
in his perception of’ monetarism’s inability to provide a satisfactory 
theory of unemployment to complement its theory of inflation.'* 
However, in Britain in the early !970s the belief that the excess de¬ 
mand for labor could exert any influence on the inflation rate was 
enough to gel its adherent classified as a monetarist, regardless of his 
views about the role that inflation expectations, information costs, and 
such might play in the process, particularly if that view was combined, 
as it was in Harry’s case, with opposition to wage anti price controls. 

Opposition to direct controls on wages and prices was a constant 
characteristic of Harry’s writings on inflation from his very earliest 
papeis in the 1950s to his last ones. He consistently argued that wage 
and price controls yvotild make the effects of inflation woise without 
contributing anything to curing the disease. As he put it (1905c, pp. 
134-35): “Does inflation necessarily lead to monetary collapse? 1 he 
answer is no, provided that the price system is uncontrolled and 
prices are allowed to rise freely. . . . Where monetary breakdowns 
do occur is where rapid inflation is combined with general juice con¬ 
trol, so that money teases to be usable for making transactions 
I bis is the ex|»lanation, tor example, of the breakdown of the (.et- 
man currency after World War II. . . . Does inflation cause eco¬ 
nomic inefficient v? . . . The evidence seems to indicate that inflation 
does not reduce economic efficiency, at least when the inflation is mild 
and reasonably steady and prices and wages aie not 1 . ’\ •' Mu 

t y’s contribution to Pat kin and Sumner (197 ’ 

1977 edition of The Canadian (Juandan leiu 
albeit with extra vehemence, born of the b 
ing controls as a current policy issue rallu 
demic point of view. But let it lie noted .■ 
sue h controls is cited as evidence of "mom ' 
jiart, then he had acquired those leaning 
C.hicago (see 195(i/>) 

Hatrv's role m developing the moneiaiv appio.nh to h.il.uitc -m- 
payinenls theory is beyond the scope of this papei Some mention 
must be made of it at this point, howcvci. a iuimuhIci standing of 


,S I Ilf t 1 v t ft llll c to will! Il l lilt I e .III SI el e]tillf .1 sill M 111 II II Is.lS til list lot. O Ilil.llll 

ing .is it I In! .111.11 Iss on lx III] ke\ nes's anil 1 1 icdnians means nl pi op igaiing linn nlc is 
It anyihing. dial Id Hue is a otnli ilinuon Co (lie sot uilogy ol knowlolgc i.nlici iltaii to 
mat 1 ore nniinin s, and dial is vs In I do not pav mol e* an fill ion lo n Inn- 1 1 is n on it a I 
dial Italic liimsfll was snlisci|iicntl\ 1111 it i/cd along nlcntn al lint s m t oniift lion w nil 
Ills woi k on die mocK'tatv nppietnelt to liala lie e‘ "t pat mi nis llnoiv isef llalin I'O,. 
Coppoek IU7tt). 



JOURNAL OF POLITICAL ECONOMY 

Harry's own view of that iheoreiiral development has contributed also 
to the opinion that he was a “monetarist. In 1974 he accepted that 
"criticisms directed at this approach for its neglect of dynamic dis¬ 
equilibrium behaviour, fandj the processes of international tratismis- 
sion of monetary impulses . . . arc certainly justified by the pu 
fished literature of tfie approach as it now stands (1974, p. ^24). 
However he argued that “some at least . . . recognize that reality 
occupies the area between the closed and the open economy theoret¬ 
ical assumptions, very much as the problem of how the effects of 
monetary impulses are divided between price and quantity responses 
defines the grey area requiring intensive empirical research in con¬ 
temporary closed-economy monetary economics” (p. 224). His own 
research program at the f.SE was “intended to pursue this matter in 
depth.” In short, Harry’s published writings on the monetary ap¬ 
proach, “monetarist” though their characteristics undoubtedly were, 
particularly in their reliance on the assumption of full employment 
and the hypothesis o( a stable demand for money function, were 
meant to set out a theoretical basis for organizing empirical work, not 
to state his beliefs about the nature of the world. 


V. Conclusions 

There is no neat and tidy ending to the story of the development of 
Harry Johnson’s macroeconomic s. He had always paid more attention 
than did the majority of contributors to the area to open-economy 
problems, and by 1969 he concluded, “Perhaps the greatest disservice 
that Keynes rendered to the development of economics [in Britain] 
was to develop the theory of macro-economics and money on the 
assumption of a dosed economy. The extension ol Keynesian theory 
to an open economy . . . has been built on the manifestly unsatisfac¬ 
tory assumption of money illusion on the part of wage-earners. . . . 
Much work remains to be done in developing a monetary economics 
appropriate to the analytical and policy problems of the British econ¬ 
omy” (1970, p. 114). Thereaf ter the development of what has come to 
be called “the monetary approach to balance-of-payments theory” 
occupied an increasing proportion of his time, so that the 1970s saw 
very little from him that falls within the traditional boundaries of 
macroeconomics. 

His survey at tic le for Oxford Economic Papers (1974), already alluded 
to, and a Journal of Economic Literature paper written with Bob Nobay 
(Johnson and Nobay 1977) are the only major pieces of work. The 
latter, extending ideas originally set out first briefly in the DeVries 
lectures and later in a note in Kredit und Kapital (1976), is interesting 
for the parallels that it draws between the pre-Keynesian analysis of 
short-run monetary equilibrium and recent developments in Ameri- 
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monelamm, es,mially .hose ,s», u „,| „„|, ,!„■ „,„ k 
Saniem. and Walla,e ,,,, nnional ^ 

s ,de the mams, ream ,,l |„ la,e, w.„k. Tin,,. ,„ 2- 

l,c 7 o,,d ,he a> s ,g„e,l „| lhis L ,_, „ 

that Harry never regarded ihai »„rk dealing aid,sen.. I,eld. 

He viewed it as a natural development of his woik on mat loeconom- 
its and money in which he integrated Friedman's notion ol a stable 
demand tor money funttion with his own. ninth eat her, attempts at 
generalizing balance-of-paymeiits ilieoty (I95HA). 1 hns the reader of 
this essay should weigh his work on the monetary approai h to bal- 
ance-ol-payments them y along with the contributions with which this 
essay has dealt when he assesses Harry's impoilance as .1 mac- 
roeconomist. 


Ol course, it is far too eat lv to < arrv out su< h an assessment in an\ 
final way. What can he done, though, is to sum up the salient leattii es 
of Many’s inactoeconomics as 11 emerges from the work which has 
been surveyed in this essay. Kit st and foremost, ol com se. it is remark¬ 
able lor its breadth, but it is remarkable also lot the consistent \ ol its 
approach. In particular, at e\er\ stage we can see that Ham paid 
particular attention to empti it a] e\ idenc e in lot tiling his v iews. It was 
the inflation ol the ID.'tOs that petsuaded him to pa\ more attention to 
monetary factors; it was his own etnpititai wmk and that ot biown 
and ol Friedman and his associates that petsuaded him ot the p.nticu- 
lar importance of the quantity ot monev and ot the lutthlv ot using 
monetary policy lot shoit-iun stabilization policies; it was empnn.il 

evidence diawn Irom underdeveloped commit s that ■ • 1 11 . 

of the impoi lance ol the peculiarly “(.Imago 
taty economics (namely, the tole of mllation 
ing the demand for money); and it was etm 
him to his views on the impoi lance of mil., 
context of the policy pioblems of developed > 
to his respect lor empirical evidence is the mi,', 
searched tor policy relevance in his mat root onomn - . , 
the bigou effect, neutrality, and the classical dtchotomv weir exam¬ 
ined tor such relevance and found wanting; the htcraiuie on mom \. 
welfare, and growth provided him with tools to an.tlv/e the ictoi in ot 
domestic hanking and the international monet.tn svMein: he alwavs 
regarded unemployment as a more impoi taut polt< v pioblem tot 
developed countries than inflation, so Friedman's connthtittons uric 
to him a complement to Keynes's economics, not a substitute, and hi' 
LSF. research program was designed to investigate the empiitcal con¬ 
tent and policy relevance of the monetary 1 appioach to balance ol 
payments analysis. 

For Harry Johnson “the purpose of economics as a social science is 
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to arrive at a set of principles for understanding and interpreting the 
economy that are both scientifically ‘robust’ and sufficiently simple to 
be communicable to successive generations of students and policy¬ 
makers and the general public" (1974, p. 214). No one worked more 
diligently and consistently to further that purpose than he did. 
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Harry G. Johnson as a 
Development Economist 
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l. Introduction 

In making an assessment of Many Johnson’s weak in the area ot 
development economics one must recognize (a) that as an individual 
he belongs first and foremost to the whole discipline of economics 
rather than to any particular branch or field thereof and {!>) that, 
cettainly in his own view, economic development is not itself a sepa¬ 
rate field of economics in the same sense as, say, international trade or 
monetary economics (the areas in which his roots were deepest, his 
interests strongest, and his contributions most numerous and power¬ 
ful). That he belongs to all of economics is reflected in the enormous 
scope and range of his work. His denial of separate "field” status to 
economic development (a position we also share) had its its 
counlerpait a him conviction that the discipline of economics had 
great relevance for all countries, regardless of their stage ot develop¬ 
ment. He preferred the term “development economics” to “economic 
development,” because lie found it more compatible with his views 
that there is really only one sc ience or disc ipline of economics and that 
most important policy problems have to be faced by economies at all 
levels of wealth (or stages of development). 

l'he main task of development economics was. in Johnson's view, 
simply to apply good economics to the analysis of the economic situa- 

YVe arc gialclul lo Nancy Wall Ini lici lid)) in (lie |iic(iai ation o! (his papci. 
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tions of one or more of the less developed countries (l .DCs) and to the 
study of particular policy problems lacing them. Sometimes his appli¬ 
cations were quite straightforward, entailing only modest adaptations 
(if any) from the way the same task would be done in a typical ad¬ 
vanced economy. In this vein, much of Johnson's “advice” to the 
LDCs took the form of trying to convince them that they were not 
(either individually or collectively) “special cases” ot one or another 
particular problem. Sometimes, however, without being subject to a 
different kind of economics, a less developed country could base 
certain characteristics (e.g., one-crop export agriculture) that led to 
problems different from those of more advanced commies. At either 
times questions arose, usually in international forums, concerning the 
relationship of the LDCs as a group to the principal industrial centers. 
Dealing with these questions, too, was in Johnson’s view a legitimate 
part of development economics. 

We are not interested even in attempting to set what would in any 
event he arbitrary boundaries to “development economics," nor in¬ 
deed was Johnson. I he main jroint is quite the opposite—develop¬ 
ment economics is often just ordinal y economics applied to less dec el¬ 
oped countries, and where it is different the differences ate so varied 
and often so subtle that the idea of a c lear bordei line is itseli absutd 
This in turn makes it difficult to sav just which of Johnson's main 
works should err should not be considered as falling within the scope 
of this review. In spite of the difficulty, we have done out best to cull 
f rom his vast bibliography a list of works that seem to us to lit 1 e.tson- 
ably comfortably under the rubric of development <■(< c 
scribed above. 

Apart from a single entry in 11150. " 1 h<- 
International Commodity Agreements on tin 
nets,” no other met the test until the arm 1 
Development and the Maximum Rate of Clo¬ 
the Malayan Economic Review. I his was but om 
series of pa|>ers jmblishcd 111 that journal. ih< 
view, the Pakistan Development Review, the Plnlippin- < 
and a few other similar outlets; in such cases we took the outlet tmcii 
to c reate a presumption (in vvh.it might othei wise be .1 doubt till 1 a se) 
for including the paper in our "development economics" list. 

Despite all of the difficulties of classification, we considei our se¬ 
lected list to be revealing in the dimensions both ol time and of sttbjec t 
matter. On the time scale, alter one article m 11*50. there was one in 
1957, two in 195H, and one in 1959. I here were three each m 1900 
and 1961, followed bv a hiatus of sorts (one atticle in 1905). after 
which Johnson's productivity in the development economics field 
really burgeoned, with 20 articles in I9(vf—bti and another 10 m 
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1967-68. The pace fell off to three or fewer per year from 1969 
through 1973, followed by a spate of 18 articles in 1974-77. Clearly, 
the mid-1960s formed the first major period of concentration, and 
during this time there were also four books (1965c, 19676, 1967c, 
1968) that we felt merited being classified as dealing with develop¬ 
ment economics. The second major period was the mid-1970s; here 
there were an additional three books (1975, 1976a, 19776) bearing on 
this field. 

Subject matter shows a significant shift of emphasis through time. 
Articles that we would classify as dealing principally with customs 
unions and with tariffs and trade restrictions are significantly concen¬ 
trated in the 1950-61 period (five articles) and 1963-68 period (six 
articles). The policies of the developed countries (most particularly 
the United States) vis-a-vis the Third World enter strongly (seven 
artides) in the 1963-68 period, while the themes of UNCTAD and 
the so-called link between international aid and the international 
monetary system (six articles) come to the lore during the 1970s. 
Papers dealing with the general area ol economic development (10 
articles), on the other hand, are scattered quite evenly along the time 
dimension. 

In the sections that follow, we try to convey both the content and 
the “flavor” of Johnson’s work in development economics. Wherever 
possible we use his own words, for in most cases it was possible to find, 
among his various writings, one or more versions in which a given 
argument or line of thought was quite elegantly distilled. 

The organization of the remainder of this review is as follows. In 
Section If we present Johnson’s view of the development process. 
Subsequently, we deal with his writings, first (in Sec. Ill) concerning 
economic policy within the developing countries and then (in Sec. IV) 
concerning policies of the advanced countries that had particular 
bearing on the I.DCs. Section V deals with Johnson’s thoughts on the 
mobility across national boundaries of factors of production (labor 
and capital) and of technology, while Section VI goes into the whole 
complex ol problems encompassing international arrangements, in¬ 
cluding both developing and advanced economies. These include in¬ 
ternational commodity agreements, trade preferences for the prod¬ 
ucts of I.DCs, and institutional arrangements such as UNCTAD and 
the 'link’’ (between the creation of international liquidity on the one 
hand and the distribution of foreign aid to the LDCs on the other). 

Our final section treats the more human aspects of Harry Johnson’s 
connection with development economics—his incessant travels to and 
labors in developing countries, his personal ties to scores of former 
students, and his efforts to aid young representatives of modern eco¬ 
nomics in their struggles to improve the teaching, the application, and 
the diffusion of economic science throughout the developing world. 
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II. The Development Process 

Starting at least with some eaily postwar writings, much of the litera¬ 
ture on economic development has been t harat teri/ed by mechanistic 
assumptions of vat ions types. Johnson was at pains to distance himself 
from those. Nowhere is this more apparent than in one of his last 
papers (1977a). In his own words: 

The Keynesian idea that capitalism typically produced mass 
unemployment . . . expressed itself m the belief that less 
developed countries were chaiacteti/ed by large-scale ‘dis¬ 
guised unemployment," an assumption that incidentally 
justified all soils of import-substituting and protectionist 
policies by its implication that labor lot domestic pioduction 
had a zero social alternative-opportunitv cost. Its mote im¬ 
portant implication, however, was that development plan¬ 
ning could safely and should necessarily concentrate on the 
accumulation of capital, in die narrow sense of phvsital pio- 
ductive equipment, structures, and “infrastructures." In this 
connection, . . . the Harrod-Domar equation (g = e/r. where 
g is the growth rate, s the savings ratio, and k the capital- 
output ratio) provided the essential skeleton of a model lot 
development planning. 1 he giowth late could be maximized 
by maximizing the marginal saving fiom output giowth and 
minimizing, thiough choice of techniques and expanding 
sectors, the “incremental capital-output i.itio " 

. . . 1 he “Mahalanobis model," del ived f i' ■*■-> Soviet pin: 
ning and die Maixist model of devc 1 - ■ 
the choice between investing m m.o 
Hon goods and ill machines to m.d 
sumption goods . and demons! t 
"heavy" as against "light" mdu- 
[ultimately] result in a . . . fasiei 
lion. . . . I he appaientlv staiding n 
largely due to the t.ic t that the com c m i a. 
between . . . "heavy" and “light" mdusiiv siim^ium >>•,, 
cealed the fait that the real choice at issue was between a 
higher and a lower savings ratio, that is, between mote con¬ 
sumption later and more consumption now. 

The inapplicability of the Kevnesi.m assumption of the 
availability of masses of unemploved. apptopil.itclv skilled 
labor was gradually recognized as a lesson of haul expci 1 - 
ence. Its positive consequence was an emphasis on ’man¬ 
power planning" and manpower-requirement loiecastmg as 
a supplement to savings-imestment planning and loioast- 
ing—a vogue which later encounteied me leasing niticism 
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on the same grounds as the savings-iiivestrnent planning ap¬ 
proach had already encountered, namely, the assumption of 
fixed coefficients between “capital” ("physical” in the earlier 
case, “human” in the later) and output. Its negative conse¬ 
quence was a continuing effort to provide theoretical sup¬ 
port for the concept of “disguised unemployment" in the 
face of criticism of it on grounds of inconsistency with eco¬ 
nomic rationality and utility maximization. [Pp. 363-641 

The Hat rotl-Domar model[’s] . . . successor was the Clien- 
ery-Strout “two-gap" model for analyzing and projecting de¬ 
velopment assistance needs and investigating the question of 
it and when development aid would cease to be necessary. 
1'he model envisaged two “constraints” on development in¬ 
vestment, domestic savings and foreign exchange expendi¬ 
ture needs, the tighter constraint being binding. The model, 
aside from its assumption of tigid coefficients to the neglect 
of substitution possibilities, is logically inconsistent since it 
coni uses two different sources of foreign exchange— 
earnings, which absorb domestic resources in production. 
,ind gifts, which add resources to domestic savings. (P. 3t>N) 

1 lie- preceding duet t quotations leave no doubt as to 1 lai l v John¬ 
son's position with respect to the various mechanistic approaches to 
the analysis of economic growth. It is less easy to get an equally suc ¬ 
cinct statement, in his own words, of his own position. I bis is under¬ 
standable. since his style, both of Writing and of thinking about prob¬ 
lems, tended to be interwoven like a fubiit lather than linear and 
aimed at a single point. 

Nonetheless, one c an consti tic t a tan Iv cleat ptctuieof where John¬ 
son stood. His starting point was the neoclassical one-sector growth 
model with technical advance, about which fie wrote a nice ankle 
expounding the basic model and extending it lo include the 
monetary as well as the real side. The essence of this model is that 
economic growth comes Iroin additions to the sloe k of basic i esource.s 
and fiom changes in technique. He emphasized that the role of physi¬ 
cal capital accumulation had been grossly exaggerated in the liteia- 
ture and spoke favorably of the tendency for economic lesearch to 
attempt to break down “the icsidtial lactoi in economic growth" into 
components such as economies of scale, improvements in the quality 
of productive factors (through education in the case of labor and 
thiough improved efficiency in the case of machines), and shifts from 
a less efficient to a more efficient allocation of resources. 

As his ideas evolved m this area, his vision of the process became 
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richer and more detailed, with excursions into the relevance to the 
growth process of migration, of patents and other incentives to inno¬ 
vation, and of educational policy choices, t he general tenor of his 
thinking on the process of growth can he gleaned from the following 
quotations taken from his 1963 lecture, “Economic Growth and Eco¬ 
nomic Policy” (1963a), which aimed at presenting “the main outlines 
of a policy aimed at promoting economic growth in a free enterprise 
economy”: 

Such a policy would involve teform of the tax system to 
eliminate elements that inhibit growth atrd promote inef¬ 
ficiency. [Appropriate reforms] would entail replacing in¬ 
come by expenditure as the basis for personal taxation |so as 
to] eliminate the double taxation of saving: |integtaiing cor¬ 
porate and personal taxes with] corporate eat mugs being 
attiihuted to stock-holdets and taxed as peisoual income; 
and 1 1 nailv [eliminating] (lie tariff, [using] subsidies . . . fiom 
the regulai government budget if ceiiain mdustnes are 
deemed of special national importance. [Pp. 61-611] 

A second . . . series of measures would . . incicase the 
efficiency of the market svstem. paittcufarlv In improving 
the mobility of labour between regions and between occupa¬ 
tions, [reforming] the educational svstem [and initiating] 
programmes lor the retraining and relocation of laboui 
|P. 62) 

fax concessions for mdustri.il 
fare not advisable because thev | 11 ,. 
tuitions into the functioning of 1 lie 
slitute the judgments of the legislat 
the competitive system. . . . lo tl 
[evidence] has not . . . substantiated 
nal economies [wherein sue It investnic 1 
benefits that do not accrue to the enteipines undeitaking 
them. |P. 63] 


III. Economic Policy in the Developing Countries 

Harry Johnson’s thoughts on economic poliev in the I.DCs can be 
appioached either through his conliibutioiis to the geneial liteiatme 
of economics or through those that foe us specifically on the I. I)(V 11 is 
general contributions reveal him as v ii tuallv embodv mg the' neoc lassi- 
cal tradition in economics: his more spec ific comments on the I IK s 
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show him as an acute and astute observer, wise though at times sharp 
and acerbic in his judgments. 

Good examples representing the neoclassical tradition are his re¬ 
lated papers on “Tariffs and Economic Development” (1964) and 
“Optimal Trade Intervention in the Presence of Domestic Distor¬ 
tions” (1965a). Some of his key conclusions in these treatments are: 

The economic analysis of the various arguments for protec¬ 
tion . . . can be summarized in two central principles: (1) 
Only the optimum tariff argument provides an economic 
justification for tariffs: all other arguments for protection 
are arguments for subsidies. (2) The use of the tariff on the 
basis of any of the other arguments may make matters worse 
tather than better. . . . whether . . . the tariff increases or 
det leases real income depends on . . . various [parameters] 
. . . and cannot be determined by a prion reasoning. [1964, 

p. 8] 

Welfaie maximization requires a correction of [aj domestic 
distortion by an appropriate tax or subsidy on production, 
consumption, or factor use, and not a tax or subsidy on 
international trade: [inoreovet], given the presence of a do¬ 
mestic distoition, protection designed to offset it may de¬ 
crease welfaie rather than increase it. [1965a, p. 31) 

For the [infant industry] argument to be valid,... it must be 
demonstrated . . . that the social rate of return exceeds the 
private. . . . [One reason why this might occur stems from] 
the fact that . . . once knowledge of production technique is 
acquired, it can be applied by others than those who have 
assumed the cost of acquiring it. . . . The other reason why 
the social benefit may exceed private hinges on the . . . tech¬ 
nique of production [being] embodied in the skill of the 
labor force [in which the workers have] property rights [even 
when they were] acquire[d) at the employer’s expense. . . . 
[Whichever of these reasons might apply], it is apparent 
from the general principles governing optimal governmen¬ 
tal intervention . . . that. . . some sort of subsidy to the infant 
industries, rather than protection [is indicated], [1965a, pp. 
27-29] 

The recommendation ol a uniform tariff rate on com¬ 
modities whose production it is desired to protect. . . has no 
theoretical validity. . . . For consistency, [a uniform rate rule] 
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must comprise all imports. [When it does so, such a rule 
makes sense] . . . for a . . . policy aimed at increasing self- 
sufficiency, [for a] uniform tariff rate applied to all import¬ 
able goods will . , . minimize the total excess cost of import¬ 
saving. [1964, pp. 18-19] 

The preceding excerpts illustrate very well the flavor of that part of 
Johnson’s theorizing that most directly bore on the polities of less 
developed countries. But they are unquestionably pieces of theory. 
There follow a few excerpts reflecting Johnson as an observer of and 
commentator on the policy behavior of the LI)Cs, taken from his 
(19676) Brookings book, Economic Policies Inward Less Developed Coun¬ 
tries. 

Economic planning, implemented bv controls of all kinds 
over the allocation of investment resources, commodities, 
and foreign exchange, is characteristic of less dec eloped 
countries, . . . [and] in practice . . . give[s) rise to all sorts of 
inefficiencies and wastes of resources. . . l icensing svstems 

inevitably favor the established enterprise against the new 
competitor and hamper the ability of the more ellu ient firm 
to [expand|. . . . Fair distribution of starte licenses mas 
[require] producing far below capatitv . . . ; discrimmatois 
distribution . . . may protect the inefficient. . . [But] the 
main impediment . . . imposed by licensing ... is its displace¬ 
ment of the market mechanism [In an] admmiMiativc mech¬ 
anism of detailed quantitative decision'. 1 
[P. 69] 

Development plans typically steer 
of the available . . . resources tow.to 
development policy . depressc >■ 

[by raisingl the prices of industii.i 
[and by holding] down the prices u,,. 
producers. . . . [Where] an expoll suiph.. 
products [exists], it is geneialh elelibciaic police to tax then 
producers heavily, [reducing) export earnings [and en¬ 
couraging] the development ol alternative supplies fiom 
elsewhere. |l‘p. 70-71] 

[On industrialization via import substitution], it is puttieu- 
larly necessary to stress the importance of the input-output 
relations in a modern industrial structure and 1 lit- effects of 
protection of inputs in raising the cost ol pmduction ot the 
user industries, rendering (hem unable to compete in the 
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world market. [The establishment of] a “new international 
division of labor" [requires] the abandonment of the effort 
[by LDCs] to achieve self-sufficiency. [Instead they should] 
favor . . . specialization on a few processes or products, allow¬ 
ing the producers to take f ull advantage of the availability of 
materials, components, and equipment in the world market. 

. . . The problems [above] of inefficiency and noncom¬ 
petitiveness [are often exacerbated by] inflationary monetary 
and fiscal polities in combination with unwillingness to de¬ 
value the cutrency. [ This unwillingness causes import le- 
sti it lions to be] guided by political expedient y and particu¬ 
larly by the priority accorded to investment goods and 
materials over consumer goods (especially “luxuries"). . . . 
the resulting protectionist system is extremely inefficient. 
|1\ 74] 

| Apart from their influence on protectionism] inflationary 
fiscal and monetaty polities have a variety of deleterious 
effects on economic development and efficiency. The most 
serious are, fust, the distortions . . . caused by effort to pro¬ 
tect certain segments of the population from the effects of 
inflation, for example by holding down the domestic price of 
food or of urban transport to shield the industrial worker, or 
by holding down interest rates to channel real income to 
manufacturing turns; and second, the disturbance ol the 
normal piocesses of investment decision by extreme uncer¬ 
tainly about the short-run rate of inflation to be expected. 
1 liese effects of inflation are harmful both to economic de¬ 
velopment . . . and [panic ularly] to . . . development [based] 
on industrial exporting. [I’p. 7f>-7f>] 

|Of course], endemic inflation . . . almost invariably (stems 
from] political inability to agree either on the taxation re¬ 
quired . . . or . . . on the division of the national income 
among the claimants to it. . . . The insistence of outside 
advisets on conservative monetary and fiscal policies [often] 
amounts in reality to a demand for political stabilization and 
generally a demand for resolution ol political conflict in 
favor of one of the disputants. [1\ 76] 

IV. Economic Policy in the Developed Countries 

In this section we deal with how, in Johnson’s view, the |>olicies of the 

developed countries with respect to trade in goods and services im¬ 
pinge cm the economies and in vaiious senses the welfare of the 
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LDCs. The discussion is restricted to issues concerning trade it) goods 
and services, because those concerning movements in factors and 
technology will he dealt with in the next section. The treatment of 
multinational “solutions” of various kinds (commodity agreements, 
preferences, etc.) is similarly deferred. 

Within the purview of this section there are two main points: (ti) the 
various mechanisms by which the policies of the industrial countries 
make the passage of the I .DCs to higher levels of development more 
difficult; and (b) the costly extra burdens that the foreign assistance 
has typically placed on the recipient countries, or, pul another wav, 
the apparently endemic (yet unnecessary) inefficiencies that charac- 
terized the foreign aid process as Johnson observed it. 

On tariff structures he had this to say: 

In the general case, tailing concrete evidence to the conn an. 
it is reasonable to assume that the escalation of tar if f rates 
with stage of production typical of modern tariff structures 
implies a corresponding but steeper escalation of el lee in e 
rates of protection with stage of pioduc lion. . . . So far as the 
pattern of woild trade is concerned, [escalation induces a) 
bias [of] trade toward taw nialeiials. fuels, and semi- 
fabric ales; towards produceis' goods (capital goods) i.ilhet 
than consumers' goods; towaids goods of a luxun nutuie 
capable of bearing high tariffs; and towards . . goods distin¬ 
guished by technical supetioiitv sulhcient to oveuomc the 
competitive disadvantage imposed In lunffs * 1'Hy">pp 
20 - 21 ] 

The escalated tat ill sum Hires ot it 
viouslv create serious burners to 1 
underdeveloped count lies on die h 
1 datively cheap labour, and instead 
for development . . . towaids dopeaw. 
of natural resources. [!’. 21] 

The escalatecl tariff sti uciuies of the advanced count 1 ic s .11 e 
theiefore a potentially poweilul mlubitoi ot economic 
growth 111 the underdeveloped countues 1 lus mav be espe¬ 
cially so with respect to industrial pioducts that demand a 
mass market to permit el tic lent exploitation of ei onoimes of 
scale - , a market not available within the - underdeveloped 
countries themselves. ||\ 2d| 

But if the escalated (aiilt sti lie Hues beai against the healths indus¬ 
trial development of the I.DCs, the use In the industi ial counti ics of 
vai ions dev ices to protect their ow 11 agi 11 ultuial sec tot s tends iodine 
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down the world prices of similar products produced by the devel¬ 
oping countries. Johnson cites in various places (19676, p. 86) D. Gale 
Johnson’s calculations of agricultural prices received by farmers in 
different advanced countries over the prices that would have had to 
be paid for the corresponding goods if imported. Harry Johnson’s 
own work in this area consists of calculating the effects of reducing 
sugar protectionism of various types. In one of his very few excur¬ 
sions into substantive work with actual empirical data, Johnson calcu¬ 
lates the estimated consumption cost of sugar protection (cum excise 
taxes) in a number of countries, together with the production cost of 
such protection for some of the leading industrial countries. He sum¬ 
marizes: 


In the majoi (Western) protectionist countries, substitution 
of imports for protected domestic production, allowing for 
the effects on sugar prices of world free trade in sugar, 
would have saved the expenditure of real resources worth 
$318.7 million [at 1959 prices]. The additional export earn¬ 
ings ol the exporting countries due to this substitution would 
have been worth $675 million . . . and the estimated net 
benefit from this additional trade would have been worth in 
the neighbourhood of $120 million. Altogether, with respect 
to substitution in production alone, and entirely ignoring the 
effects of the expansion of consumption that would have 
ensued on the adoption of free trade in sugar, $138 million 
ot additional resources could have been freed for develop¬ 
ment purposes from these seven countries alone through the 
abandonment of protection. ... A part, and in some cases 
more than the whole, of this saving would be automatically 
transferred to the exporting [I.DC] countries through the 
assumed increase in the prices of existing [sugar] imports. 
[19666, pp. 39-41] 


[Without doubt] the prevalence of sugar protection has sub¬ 
stantial effects both in wasting resources and in reducing the 
earnings of the less developed (outlines that have a com¬ 
parative advantage in sugar production. [ 19666, pp. 11-12] 

On (he matter of foreign aid, pat tit ulaily bilateral aid, Johnson was 
extremely disturbed by the economic inefficienties it entailed—the 
more so because he saw these inef li< iem ies as ultet ly unnecessary and 
unwarranted, as counterproductive from the standpoint of the os¬ 
tensible purposes of foreign assistance, and as self-serving on the part 
of the donor countries. 
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[A] serious set of problems arises from the interaction of a 
number of elements in the present system of supplying aid: 
the predominance of bilateral aid, the predominance of 
project over program aid, and the practice of lying aid to 
purchases in the donor country. . . . The chief sources of ft he 
resulting] inefficiency . . . are as follows. 

First, less developed countries may be able to obtain aid 
for projects of a “display” or “monument" type because some- 
country likes to finance that type of project, but not lor other 
projects that have more . . . value because no donor is inter¬ 
ested. . . . 

Second, less developed countries may have to pay substan¬ 
tially more than the competitive world market pi ice for 
equipment [financed by aid). Consequently an element of 
inefficiency (artificially high capital costs) ... is built into the 
project. . . . Moreover . . . [because of these excess costs] 
repayment of the loan will invoice returning more real value 
than was received, and this may far more than offset am 
elements of “softness" in the loan. . . . 

[Third, in addition to paying more for aid-lmantcd 
goods], less developed countries mac have to be content with 
less expert advisers than aie available in the world market 
and, perhaps more important, accept a tec hnologc that is not 
well adapted to their economic conditions and c-spec i.tllv 
their relative factor-scarcities. [!9b7/>. pp K1-N2) 


V. Factor Mobility and Economic Devclopm. 

When Johnson advised developed connin' 
matters, he would urge them to introduce nv 
to relax restrictions on immigiation. and to i 
tree movement of capital I lie lightei wen- 
laws and the stncter its controls on capital 
liberal it should be toward accepting unpoits in . 
tries and toward providing aid in the form of capital > 
felt that restrictions on lactot movements lav at the chic ol iii.iiiv 
policy problems of inlet national economic iclaiions. 11 1 > view was 
internationalist, humanitarian, and cosmopolitan Opposed to it was 
the chauvinistic nationalism of the sell-seeking elites ol the nation 
states (large and small), into which he saw the wot Id as having been 
accidently and arbitrarily split. He wrote extensivc-lv on tinc-e aspects 
of this debate: the brain drain—or labor mobilitv; the role of multina¬ 
tional corporations; and technology transfer 
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Labor Mobility 

Johnson's position on labor mobility, or the “brain drain," as it mani¬ 
fested itself in the development debate in the HHiOs, is reflected in the 
following quotations. 

My objection to the [concept of the gap between rich and 
poor countries] as the locus of analysis is not merely that the 
use of statistical averages can produce unnecessary para¬ 
doxes or nonsense results, but that it assumes the nation as 
the unit of analysis rather than the people that are born and 
live in a world divided into national states, and hence biases 
thinking towards a nationalist rather than a cosmopolitan 
view of the nature of the problem and solutions to it, and 
towards a neglect of the welfare of the individuals who better 
themselves by moving. No one seriously disputes the eco¬ 
nomic benefits, in the form of both improved allocative 
efficiency and competitive pressures for increasing produc¬ 
tivity, that tesuli ftotn the mobility of labour within the na¬ 
tion; in fact nations typically seek to increase labour mobility 
by public policy, but the same type of movement of labour in 
search of better opportunities, but between i at her than 
within nations, is widely regarded as a serious problem, 
damaging to the economic development of the poor nations. 

11 one takes a cosmopolitan point ol view, there can be no 
doubt that efficiency, growth and the telief ol wen Id poveitv 
would be very el let lively promoted by unlimited freedom ot 
migration . . . flic pi evalence of poverty among the nations, 
and the need for transfers ol capital and knowledge to help 
remedy it, can be altiibuted to an impoitant extent to the 
barriers to imnugialion imposed by the advanced countries, 
coupled with tariff and other bairicrs to trade that restiict 
“indirect immigiation" from poor to rich countries via the 
export ol goods and services. [I‘>72, pp. 881-821 

Replying to criticism of the “gap" paper, to the effect that being in 
favor of free migration meant that he supported an unequal distribu¬ 
tion of world income, he said that, on the contrary, "in believing that 
emigration was a good thing, he was trying to impiovc income distri¬ 
bution. Migration laws were contrary to improving income distribu¬ 
tion. 1 hey pi evented people etnigi atiug and were often accompanied 
by barriers to removing such differences by trade” (11172, p. 108). In 
the body of the paper (pp. 8811—1)1) he dubbed as “bad economics" the 
argument that alleged market failures (with human capital not being 
paid its full social value) justified some form of restriction of the free 
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emigration of educated citizens out of poor countries. He accepted 
that 

the ease of migration of educated people from underde¬ 
veloped countries, especially those in which English is the 
language of instruction, to advanced countries is a seiious 
limitation on the potentialities of at hieving economic devel¬ 
opment by educational investment and suggests the social 
desirability of devising means of obliging either the emi¬ 
grants themselves or the countries receiving them to repav 
the social lapital invested in them to their totinii ies of origin. 
[1963ft, p. 233, n. 6) 

But he insisted that “compulsion should be confined to the subgtoup 
of students . . . whose education is paid for In then own or an ad¬ 
vanced-country government as a social investment in the promotion 
of economic development” (1972, p. 390). 

The one qualification to lus advocacy of freedom of migration arose 
from his Malthusian fear that (be populations of some developing 
countries might breed to the subsistence level, quickie leplacmg the 
emigrants. Indeed, emigrant remit tames twine h on the w hole he con¬ 
sidered to be it much overlooked beneln of migtatton) could in an 
extreme Malthusian case produce a population imiltiplieu cileei. 
Since optimal familv si/e is a function of expected income, which m 
turn is ;t function of education, he believed that developed tommies 
could make “a consti ticlive response to less-develt>|)ed-eounu v de¬ 
mands in the indirect forms of substantial suppott !"■ ■ pu' 
control policies and for programs of mass der¬ 
ail emphasis on vocational training'' (!97tW’ 


Multinational (.inftoia/mns 

In the analysis of international economic pole 
a gre.il deal of iinjioi lance on the me leasing ■ 
as a political emits, the various foims ol jnivau > 
nomii entities, and the economic welfaie of the individual ru no 
papers ill Economu Xatwuuhsm in Old and .W.r Static. 19b7a) lit iec- 
ogni/cd that seiious conflicts tan anse “in the lelations between the 
nation-state as a powerful political entnv with a boideied geogiapln- 
cal domain and the multinational corporation as a powet ltd ecotionnc 
entity with an unbordered woild market domain " (l‘*70. |> 2!S) But 
he felt tluil pi ivate enterprise m the form of the multinational c oi |>o- 
ration could, while seeking its own private profits, contribute sigmfi- 
ranllv to the economies of the less develojied countries He thought 
that the planning approach to development had failed and that olfi- 
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dal aid, designed to support this approach, would decline. The fol¬ 
lowing quotations indicate how, in his view, multinational corpora¬ 
tions could contribute to development: 

While the multinational firm has an incentive to invest in the 
tiansformation of the local economy only to the extent that 
such investment promises greater profits, the incentive may 
nevertheless he suf ficient to induce a substantial contribution 
to development. Two particular incentives are especially im¬ 
portant in this connection. First, labor skills imported from 
the developed countries are extremely expensive in compari¬ 
son with the cost of training local labor, especially as the cost 
of training is largely either the labor-time of teachers or the 
labor-time of students, both of which are infinitely cheaper 
in poor countries than in lich ones. The foreign company 
will thus have a large profit incentive to train a local staff 
rather than import foreign labor. 

Second, given the complex input-output relations charac¬ 
teristic of modern industry and the dependence of profitable 
utilization of the product on the knowledge of the user, the 
firm may have a substantial incentive to invest in the diffu¬ 
sion of productive knowledge in two directions: to the local 
suppliers of the inputs needed in its produc tion process and 
for which it demands quality standards superior to the cus¬ 
tomary standards of those industries and to local customers 
who have to be taught the technology of using the firm's 
products effectively. 111)70, |)p. 20-27] 

Any more general influence in promoting development 
will have to stem, on the one hand, from the exemplai y value 
for local enterprises of the existence of efficient, well- 
managed, science-based subsidiary firms and their produc¬ 
tion of skilled local workers and executives who can be at¬ 
tracted into local entei prises and, on the other hand, from 
the ability of the state to use corporate and individual income 
taxes levied on foreign linns and their employees to finance 
education and other developmental expenditures. [1970, 
p. 27] 

He believed that “the limitations on the potentialities of foreign direct 
investment as an agent of economic growth derive in part f rom social 
considerations that are generally accepted as just by well-intentioned 
people but in fact serve to inhibit the development process” (1970, p. 
27). Pressure for wages and w'orking conditions comparable to those 
in the home country of the company comes in this category. Other 
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limitations come from a variety ol other pressures: to use local inputs, 
to hire nationals beyond the point the company itself considers 
efficient, to meet export targets, and to conduct research and devel¬ 
opment locally. All these can misallocate the resources involved and 
raise production costs—sometimes to the point of dissuading poten¬ 
tial investment or even provoking disinvestment. 

Johnson considered that some of the problems encountered by 
multinational corporations represent LDC reactions to the practice 
(in some countries outside the United States) ol influencing the activi¬ 
ties of large businesses “covertly by conspiracy and backscratching 
among specialized members of a recognized and homogeneous polit¬ 
ical, economic and cultural national elite" (1970, p. 29), rather than 
through the law. He also recognized that competition among devel¬ 
oping countries for the investments of multinational corporations 
could eat away at the potential development contribution that those 
investments could make. 


Technology and Economic Development 

Johnson’s views on technology are easv to identify onte his funda¬ 
mental positions are understood: 

«) "(Optimal output in the competitive model ie<|iures| that every - 
one has access one wav or another to comparable technology— 
through competition in the supply of goods emboih uv mu It in luml- 
ogy, or through migration of either capital • 1 
through the free availability of knowledge . 

‘oral tradition’ " (197,‘5i, p. If). 

b) "Technology is a form of capital, and . 
investment” (1977c, p. 1522). 

Against this background he argued that 

society is faced wit ft a dilemma—th 
knowledge costs resources, and imonm 1 
for somehow, but that optimization ot 11 s use u c|inu » tint 11 
be freely available to all potential tisetv I tie unease compio- 
mise society has chosen, at least tor most commeii tallv useful 
knowledge, is to grant a limited monopoly to the inventoi s ol 
new knowledge, piotecled either by patents 01 by coinmci- 
cial secrecy, and dust to lime and competition giaduallv to 
erode the monopoly. The result is both an alliance ol tec lino- 
logical superiority with the ownership of capital, especially 111 
the large national and multinational corpoiution, which gen¬ 
erates political and social tensions, panic ulai Iv m less devel¬ 
oped countries playing "host" to direct foreign investment in 
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order to acquire better technology; the persistence of long 
technological lags among the more and the less advanced 
countries both reflects the slowing down of the diffusion of 
new technology by monopoly, and preserves inequalities of 
factor prices. One should observe, however, that such tech¬ 
nological lags among nations may reflect the existence of 
barriers to the free movement of goods, capital and labor, 
rather than anything inherent in the nature of technology 
itself. If, for example, there were no barriers to the free 
movement of goods, one would expect production with a 
new technology to locate itself in regions with the lowest cost 
of factors of production; and if capital were free to move, 
these would be the* regions with the lowest labor costs. But 
with barriers to tiade on both sides, the transplantation of 
technology for production for export bat k to the home mar¬ 
ket is impeded; production for sale in the market of the 
"host" country becomes profitable only when factor pi ices, 
tariffs, or income levels make it profitable—and the trans¬ 
plant can easily be uneconomic ally prematuie. [1973/;, pp. 

11 - 15 ] 

Johnson did not regard such testiiclions on the development of 
new tec hnology-based trade as necessarily involving a welfare loss lot- 
dec eloping countries. For example, he aiguecl that 

competition within and between . .. countries with sm plus or 
elastic populations tends to drive prices down to subsistenc e, 
on classical unlimited-labour-supply lines; and this is likely to 
be the result of unlimited competitive expansion of exports, 
initially made highly profitable by the diffusion of technol¬ 
ogy to and among the developing count ties. 

The fundamental solution to this problem obviously lies in 
the control of population growth in the less developed coun¬ 
tries, pending ultimate arrival of the stage of development at 
which procreation is controlled by voluntary choice of the 
number of children the parents can afford to feed, house 
and educate to their own or belter standards of produc¬ 
tive contribution. In the meantime, control over the speed 
of development of trade based on technological diffusion 
may, intentionally or unintentionally, have the effect of con¬ 
tributing more to the raising of living standards and the 
strengthening of automatic economic pressures tor develop¬ 
ment than cut-throat competition among developing coun¬ 
tries in exporting technologically-advanced products to the 
developed countries. [1975, p. 159] 
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He did, however, feel that "where labour is prevented from moving to 
fanl advanced country by restrictive immigration laws, the transmis¬ 
sion of technical knowledge can be regarded as a form of compensa¬ 
tion for damages” (1961, p. 12, n. 21). 

VI. Institutional Aspects of International 
Economic Relations 

Johnson had strong feelings about the international economic rela¬ 
tions issues covered in the North/South debate, feelings that he made 
no attempt to hide and that crop up frequently in his writings lbs 
position rested on three convictions. Kitst, lie accepted that a moral 
case can be made for transferring resources from the developed to 
the developing countries. This case could be either based on 
humanitarian concern or justified as compensation lor the injuties 
inflicted on the I.DCs because past and present interventions in the 
market by developed countries had been and were biased against the 
trade and investment interests of developing countries. Second, he 
believed that many of the biased and injurious intetventions resulted 
from the fact that policymaking in both developed and developing 
countries was often in the hands of elites that were at best nationalisti¬ 
c-ally chauvinistic and at worst, but all too fieqnentlv. self-seising and 
self-preserving. The jiohctes of such elites onlv latelv pi mooted the 
best interests of the citizens of developing commies on whose plight 
the rhetoric of development focuses attention. And thud as he dem¬ 
onstrated so ficqucntlv and so conclusive 1\ 
pioposed for the new international ecom 
ceived and analytically unsound. And main 
from the secrelatiats of the international os 
UNCTAD); these he saw as deriving latgel 
and carrying their predominant attitude' 
self-serving international supra-elite line 
which Johnson felt p.u tic ul.irlv strongly wcio mu 1 
ity agreements, tiaele preferences, and the link between tin < nation 
of inlet national liquidity and aid. 


Intn national Commodity Afritrmenh 

Johnson had strong views on international commodity agreements 
He considered them to be “[one of the) ideas of Raid I’tebisch. espe¬ 
cially as institutionalized and vulgarized through I NC l Al), (v\hie h| 
have become an increasingly powerful obstacle to co-opciuiiou in the 
promotion of the development ol the developing tnimiric'. in the 
specific sense that sympathy with aspnations tor elevcln|>mcni has to 
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be demonstrated by the acceptance of economic nonsense and the 
endorsement of proposals that. . . maximize the prospective costs and 
minimize the prospective return” (19766, pp. 329—30). He believed 
that economic theory and experience teach us that commodity agree¬ 
ments “aside from the difficulty of devising and operating them—are 
an exceedingly doubtful instrument for promoting economic devel¬ 
opment' 1 (19766, p. 327) and that 

economically, such agreements . . . amount to an extremely 
cumbersome method of transferring income from consum¬ 
ers to producers, a method that entails considerable eco¬ 
nomic waste through the distortion of consumption and pro¬ 
duction decisions by arbitrary high prices, and through the 
probable necessity of production restrictions and surplus dis¬ 
posal. In addition . . . there are not many commodities for 
which the long-run demand is sufficiently inelastic (or price- 
increasing measures to increase total revenue; and . . . price- 
fixing is a very inefficient method of providing equitable 
incomes for agricultural producers. It would be econom¬ 
ically far more rational to provide income transfers directly 
from the rich to the poor countries, rather than to seek the 
same effect through the cumbersome and probably ineffec¬ 
tive route of international commodity agreements. 

Although he allowed that in a few cases increased transfers could 
under very special circumstances be effected by some forms of agree¬ 
ment, by the mid-seventies he was increasingly disillusioned with at¬ 
tempts to “disguise” transfers. He had come to the conclusion that 
“the successor governments of the independent developing countries 
have . . . become much more sophisticated, in the sense of appreciat¬ 
ing that there is no reason why high prices lor commodity ex polls 
should be passed along to the stupid farmers, instead of being 
creamed off lot spending on and by the educated government bu¬ 
reaucracy in the name of promoting economic development, social 
justice, or what have you" (19766, p. 320). Apart from this, he be¬ 
lieved that the continued populaiity of international commodity 
agreements is a matter of faith which “as is usually the case, . . . rests 
either on ignorance of past histoiy or the obstinate belief that what 
went wrong last time was attributable either to lack of will or 
cleverness, or unwillingness to commit suf ficient financial resources to 
the enterprise—but never to inherent diffic ulties that could be under¬ 
stood in terms of elementary economic analysis" (19766, p. 322). 

Trade Preferences 

Johnson’s initial position on preferences was fairly straightforward. 
He fell that “the clear implication of the theoretical considerations 
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and empirical evidence is that, despite impressions to the conti ary 
derived from contemplation of nominal tariff levels, preferences in 
developed-country markets for exports of manufactures and semi¬ 
manufactures might well exercise a powerful influent c in expanding 
the export earnings and promoting the industrialization of the less 
developed countries” (1967 h, p. 173). This position was based paitK 
on the assumption that the “formation and polities of the huropean 
Common Market will block further progress after the Kennedy 
Round toward trade liberalization along traditional GATl lines'' 
(19676, p. 205) and partly on the assumption that any ptefeiente 
scheme negotiated would be fairly libeial in teims of count!\ and 
product coverage and in the extent of the preferential mat gin ex¬ 
tended. 

Johnson was wrong on both counts. In fact, the Kuropeans did not 
stop the process of liberalization in GA 1 I . Moreener, the preferenc e 
schemes that did emerge were ill designed and were regarded b\ 
Johnson as at best third- or fourth-best policy instruments, or at 
worst—in the form adopted by the t'T.C foi the Afti<ait/Catibbean/ 
Pacific Group of States (AGP)—as a calculated move In the F.uio- 
peans designed to keep then ex-colonies m a “neo-neo-colomahsi' 
dependent relationship. He felt that the developed commies should 
not be encouraged to bend the rules of international Hade in oidei to 
establish such sc hemes. 

The less developed countries would be b> 
sist, so far as they can, that the d 
accept and live by the principle 
than to tolerate rich country \io' 
attempt to counteract these viol.'' 
own, coupled with demands foi i 
foreign aid and trade prefetence 
should he] to gel the rules change ■ c 
iug a closer appioxiiuation to honesty 

developed countries should have a stionu concern wuli die 
promotion of freer world trade on a global basis, and espe¬ 
cially with respect to agricultuial products, and should not 
allow themselves to be diverted into pursuit of stub gim¬ 
micks as special trade preferences (1973c;. p. 3f| 

In addition, he became more and more convinced that his enigma! 
position, that the potential benefits of trade preferences might not be 
realized because of self-imposed supply constraints, was collect and 
in fact the case. In the Brookings volume he had said: 

It is necessary to determine what (actors account tor the 
inability of less developed countries, and specifically ot the 
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“developing" countries that already produce manufactures 
for the home market, to export in competition with the de¬ 
veloped countries in spite of their comparative advantages 
. . . of materials and low-wage labor, and how significant 
these factors are empirically. . . . [In Johnson’s view, the 
culprits were] the import-substitution and currency-over¬ 
valuation policies typically pursued by the governments of 
less developed countries. . . . [To Iris mind the cost disadvan¬ 
tages resulting Iron) such policies were] trecjuemly . . . far 
greater than the competitive advantage that could be con¬ 
ferred by preferences from the developed countries 
[implying that) neither preferences nor nondisciiminatory 
larilf reduction would help the less developed countries un¬ 
less they were prepared to make major changes in their tariff 
and exchange-rate policies. |19(>7/;, p. 206] 


77/c “Link" 

The various proposals to link the growth ol some new form of inter¬ 
national liquidity to the provision of aid to developing countries 
elicited a slicing i espouse from Johnson. He recognized that the de¬ 
veloping countries could benefit from a refoim of the inlet national 
monetary system but did not fee! that the- various pioposals fora link 
between the giowth of liquidity and aid vvete it sensible move. He 
ciiiiii/ed them initially on the grounds that “there is no obvious ad¬ 
vantage, and much evident and avoidable roni|>lexiiy. in attempting 
to solve two different and incommensuiable problems with one and 
the same institutional change” (H)f»7i/, p. 22.8). He argued that most 
of the proposals were simply' hoping smreptitiously to increase the 
total flow of aid to developing countries and did not think them likely 
to succeed. “(T his] assumes that the aid policies of the developed 
count!ies are independent of international monetaty operations, so 
that whatever aid would be c hannelled bv a wot Id cennal bank to the 
less developed countries would be a net addition to their aid receipts. 
Since in the real wot Id the left hand usu.tllv knows full well what the 
right hand ts doing (though it may not admit it publicly), this is an 
unrealistic assumption" (1 \H\7h, p. 228). 

Johnson's second critic ism—that the proposals saddled one instill¬ 
ment with two potentially conflicting objectives—was two pronged. 
On the one hand, the amount ol new international liquidity required 
in any period by the inlet national economy might have no relation to 
the requirements ol developing countries fot aid in (hat period. On 
the other hand, there was no way of ensuring that a distiibution of 
funds to less developed countries according to their estimated liquid- 
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ity needs would correspond either with their (apat ity to absorb capital 
in economically sound projects or with the objectives of the donor 
countries. Making the aid objective paramount could result (through 
excessive global monetary expansion) in an unstable international 
economy. This, of course, would conflict with the long-run interests 
of the developing as well as the developed countries, lie felt that the 
international monetaty system as it was in the mid-lObOs fiagmented 
the international economy by pushing developed countries that faced 
(or were frightened at the prospect of) balauce-of-payments prob¬ 
lems into adopting polity measures that restricted the inflow of im- 
poits and the outflow of capital. He regarded both of these as being 
inimical to the interests of developing countries. He argued that 

the less developed countries would benefit . liom the 
establishment of an international monelaiv system that pro¬ 
vided a more adequate combination of liquidity and adjust¬ 
ment mechanisms. The most important connibutions ol 
such a system would be to remove the inhibitions to expan¬ 
sion ot aid generated by fear of consequent balance-ot- 
payments difficulties and to fa< 'litate the uni) mg ot aid, thus 
increasing its efficiency, in addition, less developed coun¬ 
tries would benefit significantly (tom the removal of resiiic- 
(ions dictated by balance-of-pavments difficulties, whose ef¬ 
fect is frequently to piotecl pioduciion in die dewl.ined 
countries and to aggravate nn< ■ 
trade. 

f lic less developed louniiit 
important inteiest m the estab! 
monetary system that would p. 
production and ttade at high ! 
tiviiy by providing an adequate 
lional liquidity [I'.lbT/c. p. 21.r| 

In the Brookings book be went farther than this, asset ting dial the 
developing commies "have a paiticular interest in die establishment 
of a system th.it will expand iuieinational liquidity at a late gieat 
enough to impart an inllalionaiv bias to woild economic develop¬ 
ment" (l%7/>. |>p. 21(>-17). fen veais latei, however, be was moie 
worried by inflation. He felt that the "favorable climate loi economic 
development |in which] . . . the developing commies |have| the ad¬ 
vantage of trading with an advanced-country world c h.uac teii/ed bv 
fairly steady sustained economic growth at f.nilv stable (moie accu¬ 
rately, slowly rising) prices . . . has been destroyed, at least tempoi.ti- 
lly, by world inllalion" (l‘)7(>fr. p. 321). fins world inflation was to 
some extent the result ol the Intel national Monetary fund's el tec- 
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lively introducing a disguised and limited form of “link” as a result of 
its attempts to 

strengthen its political support and acceptability by catering 
to the special interests of politically powerf ul groups of con¬ 
stituents. Specifically, the Fund has been cultivating support 
... by potentially extremely inflationary devices. ... It has 
been steadily enlarging its role as a lender of international 
liquidity on concessionary terms to developing countries in 
balance-of-payments difficulties. . . . The clanger is that the 
developing-country group will be so fascinated with . . . the 
age-old fallacy that the t reation of money is a way of getting 
something for nothing—something real for something pa¬ 
per—that they will provide indirect support for interna¬ 
tional . . . monetary polic ies that [perpetuate] wot Id inflation. 
|197(i6. pp. 331-351 


VII. The Human Side 

Harry Johnson's introduction to the world of developing countries 
came in 1950, when he was invited by the International Economic 
Association to teach refresher courses in Karachi and Singapore. This 
opened the door to a set ies of visits to Asian countries and to a great 
many abiding personal connections with Asian economists. (He later 
traveled to Chana and made several trips to Latin America, lecturing 
in Argentina, Chile, Mexico, Panama, and Uruguay; nonetheless his 
deepest and firmest roots in the developing world were and remained 
in the Asian countries.) 

Over the years he inspired many Ph.D.s from the developing na¬ 
tions, but he also had enormous influence on many who never studied 
directly under him. Few if anv in our profession even came close to 
Harry Johnson in terms of willingness to read and comment on the 
papers of younger economists. This he did simply in Ins seveial roles 
as journal editor, hut even beyond what he did “officially," he consci¬ 
entiously read and commented on the work handed to him by young¬ 
er economists at just about evety institution he visited. A great many 
beneficiaries of his genetosity in this respect were members of the 
post-World War II generation of professional economists from the 
I .DCs. 

Part of the human side of Johnson’s links with the developing world 
lay in his selfless dedication of time, energy, and ideas to individuals 
and institutions there. Another part lay in the profound moral mes¬ 
sages that permeate his writings concerning the developing countries. 
In his observations he was never naive, always realistic, never pusil- 
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lanimous, always forthright. No one who reads his writings can fail to 
sense that here was a man who cared deeply about improving the 
physical well-being and the human dignity of the millions upon mil¬ 
lions of individuals born into poverty and misery. Like other seers 
throughout history, he recognized the fallibility and corruptibility of 
men and institutions. His deep understanding of the human condi¬ 
tion and his willingness to look unpalatable truths squarely in the face- 
helped to give his judgments a special force and power. He was no 
simple preacher, but a seasoned, sage, and sound observer of the real 
world who saw, through many and inevitable obstacles, a [lath to 
bettering the lot of humankind. 

His views on foreign aid reveal the interplay of realism and moral 
tone that characterizes mut h of his work. On the one hand he felt that 
foreign aid was a good thing because it increases the availahilitv of 
real resources to societies with many needs people. On the othei, it 
goes from government to government through fiscal svstems that are 
often corrupt; sometimes it even ends up going front the poor (in 
donor countries) to the rich (in the receiving societies). The resulting 
waste, together with the stridency of demands In some repre senta¬ 
tives of the developing countries, leads to disillusionment within the 
donor societies and to a decline in the flow of aid Therefore the 
“useful life" of foreign aid is limited—one must use it well to induce 
developing countries to reform their economic policies so that dies 
will be able to lake fuller advantage of the oppoi (unities tor long-i un 
development that can follow from an intelligent application of eco¬ 
nomic principles. 

Just as he did not mince words in talking V 
forthright on the interactions of economic 
This was partly reflected by his role as . 

Committee on New Nations at the l'ni\cl¬ 
ings it came through in many places, peril.r 
and characteristically than m the followin' 
economic development is an integral pan 
development and social development consists m i 

increased personal freedom, which means destine mg me pemus m 
the elites and not merely switching the partv 01 sm ial c lass label of the 
elite that commands the power [of ] the State" (197 I. p 9). 
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“One of (he penalties—or privileges, as the case may be—of advanc¬ 
ing age and professional maturation in an academic career in the 
social sciences is that one is forced to think in terms of progressively 
broadening frames of institutional and cultural reference.” So Harry 
Johnson (19756, p. ix) prefaced his principal collection of essays on 
the social frontiers of economics. The widening sweep of his intellec¬ 
tual searchlight illuminated its targets not so much with originality of 
insight or breadth of social and cultural perception as with the pene¬ 
trating power of his critical and analytical intellect. Johnson thought 
that the world revolved not from love but from individual utility 
maximisation. These writings gain their unifying distinction from the 
remorseless application of its logic to interpreting economic and social 
behavior and criticizing economic policies. Although Johnson did not 
accord to the competitive market unlimited power to maximize hu¬ 
man welfare, he did heap scorn on policies that took less than the full 
measure of rational behavior by the af fected individuals and groups. 

Another feature distinguishing many of these writings is their 
grasp of a large system of intersecting social and political forces. One 
reads with some surprise of Johnson’s early fascination with Marxian 
analysis (Reuber and Stott 1977, p. <>71). The Marxian postulates and 
analytical concepts were discarded long ago, but there survived a 
disposition to place social and political institutions on their founda¬ 
tions of the technology of production (and consumption, Johnson 
added) and the associated distribution of ownership claims and, in 
particular, to view political behavior as the outcome of economic in¬ 
terest groups. 1 

‘Johnson ( 1 ‘. 174 , |>. .4) t ji.iih l< » I "(lf.ii ly inadequate" the Marxian view that “the mm ial, 
political, and ideological superset uc turc is deici mined hy the technologic a! and eco- 
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This essay attempts to draw together Johnson’s ideas on three sub¬ 
jects: changing social phenomena and their foundations in rational 
individual behavior, the operation of political systems and their effei t 
on the substance of economic policy, and the working of the univer¬ 
sity and the intellectual marketplace. 

I. Social Phenomena and Rational Individual Behavior 

Many of Johnson’s thoughts about the economic c haractciistics of 
modern society grew from his reflections on John Kenneth Gal¬ 
braith's The Ajjluent Society (1958). Although Johnson fell no s\m- 
pathy for Galbraith’s central conclusions, he was intrigued b\ the 
book’s central question: What are the economically distinctive fea¬ 
tures of a society that has reached unprecedented high )e\els of in¬ 
come per capita? It offers to individuals greater personal freedom 
and broader opportunities for sell-fulfillment, interesting careers, 
and more satisfying rewards for the development of personal talents 
For most people it changes the basis for participation in ptodudion. 
so that it comes to rest on “personal knowledge, training, and educa¬ 
tion rather than on property ownership or the supph of labor time." 
The ascending importance of managerial abilit\ and human capital in 
production processes makes every man a capitalist and conn limits to 
social stability. The rising value of labor time also me t eases the i apital 
intensity of household consumption F.\en militate technologs had 
responded to the rising economic and social value of human hie-, w itfi 
the United Stales leading the ef lot t to substitute tie 
rial inputs for human lives as the cost ol r 
19756, pp. 4-5). 

Against these gains, Johnson felt that tin 
series of hazards on its members. The Iioum 
of its important choices are investment ch 
periods, which demand complex calculatu 
formation. These investments are often high, 
bad forecast can produce results much woise ili.ui ,: 
expected. Smaller family units and looser ties mean less -clt-mMii uik e 
within the family. As a result, noncapable decision niukei s ui e in hum 
risk-exposed positions. Long penods of education (um'simrnt in hu¬ 
man capital) reduce the individual's sense ol tonnol o\ei his life 
Affluence promotes and to some degree icquncs economic giowth 


nonrn sulist i ui 1 111 e. awl specifualh In the disli ilmtton of pi<'piit\ fights .ism »t uu il 
with the s\ stem of pioduc noil." beiause the ‘.ilU k* e tlls tUui inmate mijk i >' i m tuu x 
react back on and change the economic Mihsii u< him 1 .ami the tribunal Mihstmnme 
itself changes in i espouse' to human ef foils to change ami impio\e n 
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and agglomeration; these bring a welter of externalities, with their 
potential for social conflict and market failure. These perceived social 
problems of affluence, Johnson felt, could be much clarified by appli¬ 
cation of such modern economic concepts as human capital, external¬ 
ity, and permanent income (1975ft, chaps. 1—4). 2 


Human (.a filial 

Johnson felt ifiat the concept of human capital had “tremendous 
integrative power" to unify our understanding both of the labor mar¬ 
ket and of the household’s decision problems. In the workplace the 
classical dichotomy between produced and original factors ol produc¬ 
tion becomes increasingly meaningless. All factor inputs are best re¬ 
garded as capital, their rewards consisting of a wage (interest and 
depreciation) plus a rent associated with the factor’s ultimate scarcity 
(1975ft, p. 45). file restrictive practices of professional organizations 
and trade unions are investments in the protection of quasi rents,' 
and “even the commitment ol labor to the nationalization of certain 
industries can be interpieted as reflecting the desire to bring addi¬ 
tional coerc ive 1 power over the test of sot iety to bear in defense of the 
return to investment in . . . human capital" (1975ft, pp. 20-21). 

Johnson’s concern with the acquisition of human c apital dealt more 
sympathetically with the uncertainly and vulnerability of the invest¬ 
ment than wit It the problems of income disti ibulion that it poses. I he 
ideology of a liberal democratic society supposes that the individual 
can be adequately equipped to cope, once provided with minimum 
education and sociali/ed pensions. However, the complex knowledge 
required for prudent human-capital investments and the risks im¬ 
posed by dynamic change call this into question. Personal risks are 
insurable in principle, but economic risks are unpredictable and 
hence iminsiu able. 1 he small si/e of the family unit c ondeinns it to an 
undiversihed portfolio of human capital, so that it is exposed to risks 
of illness, accident, and death, economic risks, and risks associated 
with inept policy choices. The family needs infoiillation and geo¬ 
graphic and occupational mobility to make the most of its opportuni¬ 
ties, but these are costly. Human capital in hand has some collateral 
value (consumer credit), but Johnson (1975ft, pp. 17-49) felt that the 
inability to borrow on binding contracts against future quasi rents to 
human capital condemns this market to nuclei investment in the ab- 


‘ 1 lu* rallies! of these essavs appealed in 1‘HtO I’apeis discussed m this essav often 
nu<U* thru firsl appeaiamr in haid-to-fuid souites, (nations will theieloie Ik* made to 
convenient reprinted versions 

’Krueger < IJ was later to develop this notion 
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sence of public intervention. Family pride in education and the op- 
portunity to make intergenerational transfers without inheritance 
tax, however, cut the other way. 

Human-capital investments (on-the-job training excepted) cannot 
be financed like other investments, and Johnson wrote about various 
difficulties with the second-best procedures used instead. The provi¬ 
sion of “free” university education has been undertaken by public 
authorities who often lose sight of the substantial remaining cost to 
the student of forgone income, and Johnson (1968) blamed some of 
the troubles of British universities in the 1960s on dissonant views of 
students and politicians about how much gratitude was due the latter 
from the former. An issue of more analytical substance atose in the 
“brain drain.” Most countries underprice education and implicitly 
recoup the cost through progressive income taxes. Human capital is 
internationally mobile, howevei, and so it pavs the individual once 
educated to migrate to a country of feting higher pay oi merelv im¬ 
posing a less progressive income tax. T he counirv of cmigiaiion can 
lose because it then fails to collect tax levenuc from the educated 
person equal to the cost of education supplied. An intergeneialional 
transfer occurs if the current working generation pavs to educate the 
next generation in the unfulfilled hope of being suppoited m retire¬ 
ment. A loss to society at large occurs, however, onlv it the incentive 
to migrate rests on differences in lax svstems or il anv extet n.titties of 
educated people are greater in their biithplace than m the land to 
which thev migrate (Johnson 1967/n l97f>/>. pj». 26-27) 1 Johnson fc-lt 
that the national costs associated with the hi am chain vveie genetallv 
oveistated but that nonetheless thev argue lot load 
cost ol education on the student. 


Income Dish/button mid I’livnl i 

Johnson ( 197 . 7 /;, chap. If) regatded a pu ! 
income distribution as an ethical choice h 
analysis and the definition ol povertv .o ■ 

Nonetheless, he felt that economic reasoning could ■ 
the assessment of and presctiption for eac li problem I o evaluate the 
maldistribution of income sensible, one must apph the concept ol 
permanent income. Different choices about e.ulv lnvesiinents in hu¬ 
man capital implv large differences in individuals' lifetime income 
profiles and, hence, some of the appeatance ol poveiiv in the distii- 


1 1 < > 1 ) use in nuk'd ili.il 1 lie Iciideim hi iiikin.iliuii.il c tpi.ili/.iiimi u| iln w.igi » "t 
('dm .lied |>eople mi plied .1 widening ut c lieu m.iii in lend in most c uiinii u s icspec i.ills 
less-developed), willt ensuing e<minimi .mil siki.i! cunltul 
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button of current income, Consumption needs also vary ovei the life 
cycle, to the same effect. The cross-section distribution of income 
reflects households’ differing voluntary choices about their rates of 
saving and family formation, preferences regarding the balance of 
work and leisure and the regularity of the work pattern, and attitudes 
toward the riskiness of various possible jobs. One source of poverty in 
the affluent society is bad luck in the choice of specialized investments 
by individuals in skills or geographic location, a clear case for insur¬ 
ance through social assistance transfers (19756, pp. 29-30). 

The definition of poverty and policies toward it similarly need the 
application of economic analysis, Johnson (19756, chap. 15) believed. 
Poverty is normally defined not by an absolute standard but by a 
moving one that maintains a fairly stable relation to average income. 
Economic growth lends to eliminate poverty only it it raises the share 
of productive assets owned by groups with initially lower incomes— 
not a likely outcome. The incidence of poverty also reflects utility- 
maximi/ing choices. Members of a multigenerational family group 
choosing to live under one roof might enjoy incomes on average 
above the poverty line, whereas some statistical poverty would appear 
if each generation maintains its own dwelling (19756, pp. 28-29). 
Johnson was more concerned about poverty due to cultural restric¬ 
tions on rational family planning and “weaknesses in the legal system 
governing the economic claims of molhets on the fatheis of their 
children." If we are to make comparisons of cunent income, Johnson 
(1975a, pp. 12—15) warns that complex adjustments are necessary: 
labor income becomes current wages minus both interest on past 
investments in human capital and the costs of supporting the worker 
in retirement and raising children as replacements. Similarly, com¬ 
parisons of the distribution of wealth ought to go beyond easily mar¬ 
ketable assets to include, for example, the capital value of rights to the 
acquisition and maintenance of human capital provided free by the 
public sector. Poverty also results from discrimination, and Johnson 
(19756, pp. 227-28) gave particular emphasis to disciimination 
against women. “In advanced industrial society, where reasonably 
good health and trained intelligence rather than muscular strength 
constitute the foundation of productive contribution, the traditional 
assignment of women to household management and child rearing is 
an anachronism.” He held that society should choose between making 
women really equal, redesigning the family to relieve the differential 
burden it places on women, and acknowledging that the role oflhe 
household manager in maintaining the household is as exacting as the 
"breadwinner’s." 

The economist's preference for relieving poverty by outright in¬ 
come transfers clashes with the humanitarian’s fondness for giving 
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benefits in kind, and Johnson (19756, pp. 232-35) sought to explain 
how the humanitarians come by their choice. The familiar paternal- 
istic arguments assert that the poor should be induced to consume 
goods and services of which their humanitarian donors approve, so 
that “under the guise of improving the poor they are really seeking to 
create a society more deferential to people like themselves." Redis¬ 
tribution in kind thus serves to combat a negative externality for the 
middle-class majority front witnessing the behavior of people with 
preference functions different from their own. Better arguments tor 
redistribution in kind, Johnson noted, are that they can partially cor¬ 
rect for other market failures (food stamps as an offset to agiicultural 
price supports, education countering imperfect markets in human 
capital). Also, they may help to avert the transference of poverty- 
prone attitudes from parents to children and the equipping of chil¬ 
dren with insufficient productive capacities. 

Johnson (19756, pp. 233-34) also noted that many poverty pro¬ 
grams preferred by noneconomists presume that the poverty results 
from some social disequilibrium, so that those fallen into poveitv 
could be restored with a relatively small social expendituie Diifeic.nl 
conclusions tend to How from economists' view of poverty as an equi¬ 
librium of choice and opportunity based on myopia, leisure prefer¬ 
ence, aversion to industrial discipline, or limited talents and capabili¬ 


ties. 

Clear thinking about unemployment, he held, also requires iecog- 
nilion of the elements of individual choice King behind H I he so¬ 
cially optimal value of any single index ol unemi 
not just on labor-market frictions and mam 1 
on elements of voluntary choice. I lie lee 
fectecl by unemployment benefits and sen u 
factors as increased education, which eases , 


unemployment. Differences in leisure pu l 
higher long-run levels of unemployment i. 
sure-labor preference itself is changed In du 

affluent society. Technological change lias procloiiim.mtlv i.uscci the 
preference for leisure by lowering the relative cost of equipment used 
in leisure-time activities, but Johnson (19756. pp. 22-23) was also 
intrigued by the possibility that some technological innovations m 
consumption might substitute material inputs for nine in the c reaium 
of utility from leisure, thus raising labor supply, lie was ununpies'ed 
by one economic influence asseited to alleu the wnik-lci'Uie 
c h«ice—that of social senility and the taxes to bounce it (19/ >6. pp 
57 - 58 ); educated people are driyen by the challenge ol accomplish¬ 
ment, not the fear of hunger, and “work best when thev have die 
security to concentrate on the job thev are qualified to do." Also the 
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issue is a less urgent one in (he affluent society with its revealed 
preference for increased leisure-time activities. 


Externality and Property Rights 

Johnson ( 1975/-, pp. 5, 13) counted an increase in the perceived inci¬ 
dence of external diseconomies (pollution, congestion) as a market 
failure of the affluent society, because affluence is closely allied with 
overall economic growth and urbanization. But he relied heavily on 
the improved definition of property rights as the solution, will) gov¬ 
ernment interventions approptiale only where transaction costs frus¬ 
trated a market solution. He heaped scorn (1975 b, pp. 332-36) on 
people who would renounce present-day affluence because it allows 
loo many others to compete with them for the private enjoyment of 
what we treat as public goods, yet he recognized (p. 13) a gtowing 
tension with the “common democratic presumption that every citizen 
regardless of inc ome has a right to share in the original beauties of the 
natural environment, and that it is one of the functions of govern¬ 
ment to maintain and preset ve that right." He emphasi/ed once again 
the unifying role of capital theory for dealing with environmental 
problems. The environment provides a set ol capital assets that c an be 
either augmented or impaired by social progress, and then optimal 
exploitation or restoration can be managed only through investment 
decisions that ptoperly value present and future benefits and costs. 

II. Behavior of Political Decision Systems 

In his tec hnical writings, Johnson (1965, p. 256) expressed skepticism 
rather early about the traditional liberal posture of assuming that an 
identifiable way exists to maximize real income along social welfare 
lines and that the government wants to follow this course but needs 
only the analytical talents of an economist to tell it how to proceed. He 
thereafter showed recurrent interest in the behavioral approach to 
governmental decisions built with economic tools by Downs (1957) 
and others. Fleeted governments or political parties maximize votes in 
pursuit of various tangible rewards. The efficient development ol 
their policy stances is hampered, however, by high costs of inhuma¬ 
tion, and so much inhumation on voter preferences is injected by 
interest groups and lobbyists (and also the communication media). 
I.ikewise, the voters’ investments in information about the policy 
stances of political parties are sharply limited, because the individual 
ballot has negligible power to influence political outcomes. low-cost 
communication is provided by ideology, which reduces the detail that 
a party needs to relay to its potential adherents. Johnson (1967«, 
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less developed commies. Where voiei'-*”!'’o ,‘ he f,ol,ti<al \vsiems „f 
unimodal, as seems common m j,wi„. , S •*?' eun<cs ,or ideology are 
tern tends to evolve with a ,„ )0( , ,, , , <<mn,ncs ' a two-party sys- 

and jostling for the central position” wT"''* 10 ," l>e,W, ‘ cn ,lu ' » Mn,es 
established, however, the J rtv W "T 6 « less well 

forge a compiehensive and pre< lusive Vd '7 ** slrong "“'enme to 
exclusive control „r 0 , 1,1 ldtolo Ky m order to retain 

ex lusive control of the government. The party's incentive for this 

strategy 8 greater m an I.IK, I,cause the alternative job opportum- 
ttes for office holders tend to he less good than m a developed coun- 
tty, where a larger cadre of administrative jobs urn he found in the 
private sec tor. 


Johnson used these ideas to explain tnanv pattei ns of public polity, 
hut perhaps nowhere more successfully than with the economic policy 
of nationalism. He encountered nationalist ideologies Irecruentlv in 
both LDCs and his native (■anada and saw behind mans economic 
policies the intersecting forces of nationalist ideology and interest- 
group pressures. Nationalism in the UK is serves as an integrative 
force and the thief propellant of collective ellorts to accelerate eco¬ 
nomic development, hut Johnson (1967'/, chap. I) found it to exact 
serious costs Ivy imposing policies that are ptobahlv inapptopriatv. 
One conspicuous component of L.DCs' ideologies (and not just the irs) 
is a preference for industrial production over other Conns of eco¬ 
nomic activity, whic h can express itself in policies to expand the in¬ 
dustrial sector and depress the marginal return to the resources it 
employs below their best alternative uses, lie showed immalls (IHlifv) 
liovv a prefeience for industrial output could ailed the level of taut! 
protection chosen by a country, its participate-' ■ 
ing to reciprocal tariff reductions, and it- 
customs union. Reviewing actual pattern' 
suggested that specific industrial prelerem. 
what with a country's level of developmc n 
both its comparative advantage and it' a', 
seeking steel industries, more developed one' ... 
and rather advanced ones the Ingli-tcc Imologv mdii'iiic' lin n>c 
nonric explanation of output preferences and related policies (I'.MiTa. 
pp. 6-9) drew upon the interest-group mechanism. Pmtlucct gtoups 
are the winners when the nationalistic ideology fosters a preference 
for placing status-giving jobs or property m the hands ol nationals 
(see Breton 1964). This goal can be sought either In shifting the 
composition of output to create the picfctred jobs or pi opens leg., 
the preference for industrial output) or In irunning these things 
from the hands of foreigners (rest tic ting employment of lotcign na¬ 
tionals or restricting the ownership of suhsidiaiies Ivs loicigti com- 
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issue is a less urgent one in the affluent society with its revealed 
preference for increased leisure-time activities. 


Externality and Properly Rights 

Johnson (19756, pp. 5, 13) counted an increase in the perceived inci¬ 
dence of external diseconomies (pollution, congestion) as a market 
failure of the affluent society, because affluence is closely allied with 
overall economic growth and urbanization. But he relied heavily on 
the improved definition of property rights as the solution, with gov¬ 
ernment interventions appropriate only where transaction costs frus¬ 
trated a market solution. He heaped scorn (19756, pp. 332-36) on 
people who would renounce present-day affluence because it allows 
too many others to compete with them for the private enjoyment of 
what we treat as public goods, yet he recognized (p. 13) a growing 
tension with the “common democratic presumption that every citizen 
regardless of income has a right to share in the original beauties of the 
natural environment, and that it is one of the functions of govern¬ 
ment to maintain and preserve that light." Ile emphasized once again 
the unifying role of capital theory for dealing with environmental 
problems. The environment provides a set of capital assets that can be 
either augmented or impaired by social pi ogress, and their optimal 
exploitation or restoration can be managed only through investment 
decisions that properly value present and future benefits and costs. 

II. Behavior of Political Decision Systems 

In his technical waitings, Johnson (1965, p. 256) ex|>tesscd skepticism 
rather early about the traditional liberal posture of assuming that an 
identifiable way exists to maximize teal income along social welfare 
lines and that the government wants to follow this course but needs 
only the analytical talents ol an economist to tell it how to proceed. 1 le 
theieafter showed recut rent interest in the behavioral approach to 
governmental decisions built with economic tools by Downs (1957) 
and others. Elected governments or political parties maximize votes in 
pursuit of various tangible rewards. The efficient development of 
their policy stances is hampered, however, by high costs of informa¬ 
tion, and so much information on voter preferences is injected by 
interest groups and lobbyists (and also the communication media). 
Likewise, the voters’ investments in information about the policy 
stances of political parties are sharply limited, because the individual 
bailor has negligible power to influence political outcomes. Low-cost 
communication is provided by ideology, which reduces the detail that 
a party needs to relay to its potential adherents. Johnson (1967 m, 
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chap. 1) stressed ideology’s role in shaping the political systems of 
less developed countries. Where voters’ pteferences for ideology are 
unimodal, as seems common in industrial countries, a two-paily sys¬ 
tem tends to evolve with a good deal of imitation between the parties 
and jostling for the central position. Where democracy is less well 
established, however, the party in power has a strong incentive to 
forge a comprehensive and preclusive ideology in order to retain 
exclusive control of the government. The party's incentive for this 
strategy is greater in an I .DC because the alternative job opportuni¬ 
ties for office holders tend to be less good than in a developed coun¬ 
try, where a larger cadre of administrative jobs can be found in the 
private sector. 

Johnson used these ideas to explain main patterns of public policy, 
but perhaps nowhere more successfully than with the economic policy 
of nationalism. He encountered nationalist ideologies frequently in 
both LDCs and his native Canada and saw behind many economic 
policies the intersecting forces of nationalist ideology and inteiest- 
group pressures. Nationalism in the I .DCs serv es as an integrative 
force and the chief propellant of collective efforts to accelerate eco¬ 
nomic development, but Johnson (19ti7.;. chap. 1) found it to exact 
serious costs by imposing policies that are probably inappropriate 
One conspicuous component of l.IX T ideologies (and not just theii s) 
is a preference for industrial production over olhei (onus of eco¬ 
nomic activity, which can express itself in policies to expand the in¬ 
dustrial sector and depress the marginal letuin to the lesources it 
employs below their best alternative uses. He sliowc d h il 1 ' ' t 1 H>“*> 
how a preference for industrial output con!' 1 1 ' 
protection chosen by a country, its panic q 
ing to reciprocal tariff reductions, and r 
customs union. Reviewing actual pattern- 
suggested that specific industrial preferer 
what with a country’s level of developmen 
both its comparative advantage and its a-j. 
seeking steel industries, more developed ones ,o. 
and rather advanced ones (he high-tec hnologv mdustiies His ecu 
noinic explanation of output preferences and ielated polic u s (19(i7<;. 
pp. 6—9) drew upon the interest-group mechanism Producer gtoups 
are the winners when the nationalistic idcologv losteis a preference 
for placing status-giving jobs or propel tv in the hands of nationals 
(see Breton 19(i I). This goal can be sought either bv shifting the 
composition of Output to create the preferred jobs oi propci tv <e g.. 
the preference for industrial output) or bv removing these things 
from the hands of foreigners (restricting etnplovment of foreign na¬ 
tionals or restricting the ownership of subsidi.ines bv foieign com- 
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panies in order to place equity shares in domestic hands). These 
transfers serve both the collective consumption of nationalism and the 
domestic producer interests that benefit directly. They could also 
raise national economic welfare as conventionally measured if nation¬ 
als were formerly discriminated against; but if less competent nation¬ 
als get the same salaries as more competent foreigners, income is 
redistributed within the country/’ 

Johnson’s thoughts on LDC nationalism probably grew from earlier 
bouts with the phenomenon in Canada. He had traced (1967a, chap. 
6) a vicious circle in Canadian macroeconomic policies that began in 
ihe late 1950s, in which the key errors of commission and omission 
resulted from attempts to pursue nationalistic objectives with mac¬ 
roeconomic policy instruments. And he had attacked (1963, chap. 1) a 
Canadian proposal to curb the independence of foreign subsidiaries 
in Canada by promoting the sale of minority shareholdings to Cana¬ 
dian capitalists. Because the foreigners would still retain control of 
the companies, Johnson saw this proposal purely as service to local 
financial interest groups. 

Oilier applications of behavioral theories of the poliiical process 
yielded interesting if less sharp-edged results. I he overall level of 
public-sector spending, he suggested (1975i>, p. 25), might be inflated 
if majority coalitions succeed in loading part of the cost on unwilling 
minorities. But it might be suboptimal if the voters shun taxes to 
finance public goods. He concluded that some public-sector activities 
are probably overprovided (those "justified by a vague but persuasive 
national purpose"), others undersupplied. Johnson (1975/>, chap. 13) 
found the political acquiescence in inflation somewhat resistant to an 
explanation from rational political behavior. A commitment by the 
government to maintain full employment locks it into asymmetrical 
situations that on balance generate inflation. But then why does the 
public vote a commitment to full employment that takes this form? 
Why does it give an election-bound government reason to think that a 
short-term bout of inflationary policy is likely on balance to win votes? 
An interest-group explanation did not satisfy Johnson; although the 
short-run losers from inflation (e.g., pensioners) may be politically 
weak, the general voter’s contemplation of his permanent income and 
ultimate pensioner status cannot lead him indefinitely to support in¬ 
flationary policies. Johnson held that informed public opinion under- 


'Nationalism also suppoits a pieleience lor regulation ot the economic activity ear¬ 
ned on by alien enliepieneurs, even d it does noi indicate exactly how the market 
outcome should be changed Johnson wrote on several occasions about the clash be¬ 
tween the nation-state, with tins huilt-m proceduial pielerence lot control, and the 
multinational company able to puisne options outside of any given country (see John¬ 
son pp. 13-11; I975r. chap. 3). 
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stands the consequences ot macroeconomic policy and indeed antici¬ 
pates them, and he evidently could not countenance the suggestion 
that the public votes on the basis of a short time hori/on or a biased 
valuation of the long-run potential relation between inflation and 
unemployment.*’ 

Occasionally Johnson’s efforts to explain policies that fail to max¬ 
imize real income led him to hint that voters’ expressed preferences 
might give significant weight to objectives not counted in the econo¬ 
mist's conventional view of utility maxinti/ation. Policies tor assisting 
distressed regions tend to sustain factors of produc non in their tradi¬ 
tional locations turning out marginal products smaller than thev 
could in other regions. Ibis might be the preference, stressed bv 
Scitovsky (197b), for continuity lather than maximum income.' Also, 
the upsurge of concern for poverty in the 19b()s. as in the 1930s, 
followed a petiod of sustained unemployment and could well idled 
the feeling of the middle class that the pooi might be doing badh 
relative to their own reasonable expectations, even it no wotse off 
relative to the average income recipient (Johnson 19756, pp. 3. 29- 
30, 220). 

But if voters may violate the axioms ol welfare economics, they can 
also act in the long run to avert the force of ill-conceived mac¬ 
roeconomic policies of central governments, or smipiv le.td to the 
differing regional incidence of these policies, Other consequent c ol 
national policy leads voters to appeal to lowei and more politic alls 
sensitive levels erf government, promoting tile decenti.ili/atton of fed¬ 
eral systems and regional nationalism in c outlines with ceutialt/ed 
political organs. This trend ol voters' prefetelites is snppoitcd b\ an 
affluent society’s increasing concei n with c\t< t n •' ■ 
their incidence and, hence, more the pe 
(Johnson 19756, pp. 177-78). 

Scattered through Johnson's writings a 
tal behavior patterns in international c< ■ 
are too much of their time to warrant rev 
an emphasis that runs through them—tin 
national prestige with national inteiest it < 

International monetary relations then become i... . 

the contention of national rivalries." Because the pm suit ol national 


’’I le did Mut w till ilu* shun dial ilu - Imhim lu >ld di\iM>*n >>t lahm ni\<*l\tN m 

impel feel eontr.it t that mou\ate\ the husband to \ote fui lull emplo\ mnii. ihe w ile Ini 
lower pi it es. 

'hven heie, voters’ i lion es in«t\ he ladonal. .molding (o |t thus* m < 1 o7.w p *0 1 fie 
\<»ter knows that potiiu.il detisions are based on short time hon/«»n\ and .tie th»,i\s 
reversible; hence the pieletentes it'giMctcd at die ballot Ui\ lationallv ittletl niaxiim- 
nation over a short time hori/on 
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power and prestige is a zero-sum game, its confusion with the pursuit 
of agreement on international economic relations (with their potential 
for positive-sum outcomes) is fundamentally divisive. Nations may 
negotiate institutional arrangements such as the Bretlon Woods 
agreement that impose a politically agreeable but fictitious equality on 
members of the system, only to find (with the subsequent emergence 
of the dollar standard) that real differences in countries' economic 
situations determine what arrangements are actually viable. When 
national economic rationality does prevail in international economic 
relations, however, it tends to reach outcomes similar to those reached 
in individual bargaining. For example (11175c, p. 9), the free-rider 
problem explains governments’ efforts to obtain for their citizens use 
of the modern technology without paying lor the research that 
treated it. 


III. The University and the Production of Knowledge 

Johnson's eye turned frequently to social influences on the develop¬ 
ment of economic analysis and the quirks of the institutions that 
house its practitioners. A lifetime commuter among three countries, a 
compulsive guest at many bouses of intellect, and a connoisseur of the 
swoidplay of professional debate, he was well plated to spot the se¬ 
crets of personal and institutional effectiveness in the processes of 
research and scholarship. 

He set clown one major statement about the university as a sot ioeco- 
uomic institution (19756, chap. I I) and touc hed on several passing 
issues related to how mam of society’s resources it should command. 
The university he saw as a multiproduc t him, with some of its outputs 
public goods and most of them inappropriately priced. It has tradi¬ 
tionally been under little pressure to maximize or even contemplate 
the productivity of its resource use. It provides public goods "by 
either setting standards of taste tor the rest of the population or 
enabling the test of the population to increase its productivity, com¬ 
mand over consumption goods, ot both" (19756, p. 155). Qualita¬ 
tively, this public-good problem is correctly being solved by public 
support and cost-fiec availability of the public goods (notably te- 
search), but the quantity is not necessarily optimized. Outputs of the 
university with increasingly less public character are the slot age, or¬ 
ganization, and synthesis of information, provision ot general under¬ 
graduate education, and provision ol professional education. 

Johnson suggested a series of hypotheses about the economic func¬ 
tion of general univetsity education: (I) that it chiefly fosters (he 
maturation of its students (it does not matter what you study, so long 
as it is rigorous and conveys c ulttnul ambience); (2) that it filters out 
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(hose best qualified tor the "good jobs" that society has to offer (in 
which case the resources wasted educating those who pass through 
the filter pose a major question of efficiency); and (3) that its eco¬ 
nomic function is to create human capital with a discernible market 
value (so that it should attract not necessarily the best students but 
rather the most edenable). The relative explanatory power of these 
hypotheses evidently has major implic at ions lor both the commitment 
of resources to universities and the character of training that they 
provide. Several factors discouiage rational thinking about these 
problems of allocating resources in the university. 1 he human-capital 
hypothesis faces a strong ideological opposition to the postulate that a 
university functions to whittle round pegs foi society’s round holes. 
And the attitude that univeisides should redistribute income to the 
young and intellectually ambitious beclouds the rational |)iicing of 
university education. University teachers, wia|>pcd in the banner of 
the self-governing community of scholars, have dealt themselves 
terms of compensation that adduce an activity pattern poorlv aligned 
with maximizing the value of the universitv’s social product, (.tovem¬ 
inent finance of universities is blighted by information constiaims 
that misallocatc resources toward the moie measurable inputs and 
outputs and occasionally distort the total amount on suspiciously 
transitory grounds (die faith in universities as progenitois of eco¬ 
nomic growth during the 1950s and I9(i0s). I inversus udinmistia- 
tions have little incentive to light the faculty's misallocatiou of elloit 
because the waste is not perceived in the outside wot Id and bee ause in 
most limes oppoi tunities foi the adminixtiutui s to pm m.c the bin c ,tu- 
cratic quiet life ate abunduntlv present. 

johnson’s thoughts about <i univei xitv's 
mostly set clown against the background 
19(50s. lie was annoyed at univei sit v la< u! 
ni/.e that the current geneiation of stude ■ 
versity’s "litter" tunc lion) liacl the incemr 
secure solt options and at their acqmesc < 
university is a sovereign stale wilii "oppit sm . 
classes (1972a). but he recogni/c'd (19t'»K) among tin c ,iux ' m 
the mutually disappointed expectations that had llowcd tiom the 
great expansion of umveisiiv education Ileavilv expanded and dc- 
motiali/cd universities had diluted (thiough expansion) the' qualitv 
of their teaching stalls, and In greatlv inc ceasing the supjilv of gi adu- 
ates, they could no longer guaiantee them a cleai ti.uk into prestige 
jobs. Neithei outcome was necessai ilv bad il piopeilv adjusted to. but 
both created a disequilibrium of expectations 

Science policy, an issue of intellectual lesoime use ielated lo the 
organization of univeisilies, also attracted Johnson (1972c; 1975c. 
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chap. 2). He found a good deal of muddy thinking to criticize. Proce¬ 
dures for evaluating the funding of applied research were being inap¬ 
propriately applied to basic research and thereby creating an induce¬ 
ment for proponents ol science to make excessive claims for the 
immediate payout of basic research. Nations were falling into confu¬ 
sion between scientific inputs and outputs, not recognizing that the 
international communication of scientific results frays the input- 
output relation within the individual nation’s borders. I’he United 
States’ scientific leadership has rested on “the capacity to put science 
and technology to work in the service of raising the standard of living 
of the masses, and the capacity to mobilise science and technology on 
a massive scale in the development of superior armaments” (1975c, p. 
lb), but this success is not clearly connected to public support of basic 
research. Scientists may argue lor the support of an evolving “science 
culture,” but they thereby make science a consumption good that 
must establish its claim against other social consumption goods. In 
sum, although the private market alone would underinvest in re¬ 
search, it is not clear that the actual market (a mix of government, 
private, and charitable actors) does so. And it is c lear that the compet¬ 
itive progress of science, with a scientist’s reward clue to acclaim by 
fellow scientists, bears no necessary connection to a test of social 
usefulness. 

Oddly enough, Johnson—whose personal needs for research in¬ 
puts did not extend beyond pads of yellow paper—never applied 
these thoughts to the allocation of research resources to and within 
the economics profession. 8 The nearest he came was to address the 
question how far to extend programs of graduate education in eco¬ 
nomics (1973). These had proliferated during the 1960s (at least in 
Canada) beyond the optimal level. 'I he proliferation had been pro¬ 
moted on the proposition that teaching and research interact. But this 
does not mean, he held, that they need to be carried on either by the 
same individual or at the same institution. He clearly fell that the 
research elite of the profession should be allowed to collect at leading 
institutions of graduate instruction, undistracted by undergraduates 
and free to enjoy the fruits of intellectual agglomeration and scale 
economies in graduate instruction. This might seem unfair to those 
sent down to teach the principles course, but it was an efficient use of 
resources. 


*He wtote (1975*1, p. b), ‘I myself ;»m fairly phlegmatic about and not much con* 
<fined with the question of whether economics is immediately socially useful in solving 
the tuitent problems of society as society itself conceives them. . . . I he current de¬ 
mand loi ‘relevance’ , . invariablv amounts to ail effort to forte economists to lend 
then voices . . to propaganda in support of the demanded s political program ” 
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Johnson wrote about both the influence of environmental conditions 
on the progress of economics and the forces governing the outcomes 
of debates within the profession. His travels among Canada, Britain, 
and the United States caused him to compare the effectiveness of 
their ambient conditions for nurturing scholarship (19756, chap. 9). 
After World War II the United States had both the material resources 
and the aura of confidence to provide economists with a supportive 
environment. Also, scholars abroad reaching professorial status auto¬ 
matically become elite figures and score their points outside of intel¬ 
lectual endeavor, whereas the academic world of the United Slates is 
more self-contained and competitive. A pragmatic interest in re¬ 
search, boosted by the Sputnik boom in science, helped to consolidate 
and advance the American profession’s lead. University tenure s\s- 
tems in the United States emphasize the requirement to “publish or 
perish,” which disimpacts knowledge and discourages scholars from 
indulging in personal idiosyncrasy. The sheer size of the American 
economics profession allows a number of institutions to assemble crit¬ 
ical masses of qualified people with serious research interests. Also 
(19756, p. 151), it discourages scholars from “setting themselves up as 
across-the-board personal adversaries expounding conflicting holistic 
views of the subject” in favor of the modern economist's competition 
with the faceless host of his professional colleagues. 

Anglo-American differences in political systems ate also impottaui. 
as is the general influence on economists' beh.n i< m 
for the government. Ventures into poli< \ 
discourse into political rhetoric and cast < • 

"as both interpreters of the political will ... 

own interpretation of it" (1971, p. 8; sec 

Johnson recognized (19756, pp. 177-79) 

menl demand for economists had allow c 

attain economies of scale and enlarged the )» • 

the future academic stars are drawn. 1 he casual mw aw n.< . 

economists in government he found to be rather more benign and 

scientifically oriented than in Britain, where theii public-sec tor wotk 

is less likely to lead to scholarly publication and more hkeh to cater to 

the current and prospective interests of one political parts. 

Johnson relied totally on the competition for esteem among highls 
skilled economists as the best guide for scientific progress, against am 
lest that might be imposed from the outside, f low ever, his faith m this 
nonmarket allocation mechanism did not blind him to the eftexts of 
the participants’ finite human abilities and the moral hazard associ¬ 
ated with scoring debating points. In various writings (19756. chaps 
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5-8) he reflected on the success of the Keynesian revolution and its 
challenge hy the monetarist counterrevolution. In a scientific disci¬ 
pline an “orthodoxy” is necessary and desirable to facilitate communi¬ 
cation in the profession and promote cumulative additions to knowl¬ 
edge, but it builds vested interests that resist any major overhaul 
(1975/p, chap. 7). Both the Keynesian revolution and monetarist coun¬ 
terrevolution thus found their opportunities only when the prevailing 
orthodoxies had become unable to explain some facts of pressing 
importance. The would-be revolution then has to “attack the central 
proposition of conservative orthodoxy." It has to appear new and yet 
absorb enough of the valid elements of the prevailing orthodoxy to 
usurp the whole territory. It has to be hard enough to understand 
that young “comers" in the profession will invest in it in order to 
unseat more senior figures unable or unwilling to make the invest¬ 
ment. It has to allow loom for new or stylish methodologies of 
theoretical and empirical research. With evident glee Johnson ana¬ 
lyzed how both Keynes and the monetaiisls had managed in their 
times to meet all these tests. 

The challenge of radical economics also caught Johnson's eye 
(1977). Although intellectually unsympathetic, he took a detached 
view of what he saw as a (ailed attempt at an intellectual revolution. 
The interest of economists in social philosophy was driven uncler- 
gonnd by McCarthyism, “the period of witch-hunting on behalf of 
cultural purity and loyalty that has twice followed involvement of an 
immigration-based new nation in a totalitarian-democratic foreign 
war” (1977. p. 99). The expansion of government employment fen 
economists and the post-Sputmk faith of the public in science as 
panacea all maintained this suppression. And economics teaching, 
lacking a market test and drawn toward preprofessional subjec t mat¬ 
ter, increasingly lost contact with the humanistic tradition. When the 
Vietnam War shifted the balance, the scientific cast of standard re¬ 
search and training in economics both weakened and strengthened 
the traditionalists’ response to the radical challenge. It was 
strengthened because the Keynesian and post-Keynesian experience 
in debating emotionally charged issues had instilled the attitude that 
conflicting ideas should be turned into testable propositions. But it 
was weakened by a habitual assumption that the protesters "were 
scientifically rational and maturely sincere in their protest." In any 
case, the radicals did not meet the test for a successful intellectual 
revolution, and {olmson saw its members as being ingested into the 
profession as they sought out viable research options in economic- 
history and the history of thought. 

The great bulk of Johnson's writing in social science is positive or 
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only tentatively normative, but he did not conceal his views about the 
appropriate conduct of economic research itself. He applauded the 
increasing acceptance of the competitive model and pragmatism in 
the treatment of values as yielding increased professional competence 
and confidence (197.56, pp. 19-20). Given a diverse scientific commu¬ 
nity that judges the value of research projects and the quality of 
research design and execution, there is no great need for concern that 
partisanship will influence the selection of projects or result from the 
findings of scientifically conceived research (19756, pp. 140-42). 
“Much of the work of economists concerned with policy issues is de¬ 
voted to sorting out the true ends of policy from the means intended 
to achieve these ends, and to assessing the relevance and relative 
efficiencies of the various means proposed—in short, to determining 
what the problem really is, and attempting to evaluate the various 
ways of solving it" (19756, p. 18). 
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Drain’ ” in [A.24], 
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-. “Observations on the Bank Merger Proposals.” Bankers Maga¬ 
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-. “Priorities—a Question but Not an Answer." Poht. Q. 39 (Oc¬ 
tober/December): 371-75. 
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-. "Towards a New Basis for the Woild’s Mone\ " The linns 

(March 18): 20. 
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-. “ The Watkins Report: Towards a New National Police ?" Intel - 
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35 (August 1970): 43-52. Also in [A. 18]. 
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Implications of UNCLAD 1968." In Panpc Trade and Development 
II: Papers and Proceedings, edited by Kiyoshi Kojima. Tokyo: Japan 
Econ. Res. Centre. Also in Foietgn Trade Rev. 4 (April/June): 1-13. 
Also in [CL 16]. 

-. “Notes on the Geometry of Income Distribution in a Two- 

Factor, Two-Commodity Model." Osaka Earn. Papeis 17 (March): 
31-38. 

-. “On Demolishing the Barriers to Trade." In Rebuilding the 
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Spanish). Ectmomia , no. 2, pp. 76-85. Also in French in Rev econ. 
polit. 85 (May/June 1975): 397-107. 

—-■. “The State of Theory.’ A.E.R. Papas and Prat 64 (Man): 
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nomic Knowledge.” Minora 13 (Win 

gies of Economics." In The Organi 

Knowledge, edited by Mark Pet (man ’ 

Colo.: Westview, 1977. 

-. “An Overview of the World t > 
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Larry Wipf. Washington: U.S. Dept. Labor, Bureau Internat. 
Labor Affairs, 1978. 

-. “Concluding Remarks." In Capital Movements and Their Con¬ 
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-. “The North-South Issue.” Paper presented at the Toyo Keizai 
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-. “Etjuity, Efficiency, and Intervention.” In Essays in Honor of 

Dimiliws J. Delivanis, edited by N. J. Pantazopoulos. Thessaloniki: 
Aristotelian Univ. Press. 
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7° 2 JOURNAL OF POLITICAL ECONOMY 

-. “An Economist Looks at Student Unrest.” Sunday Telegraph 

(December 1). 

-. “Exploitation?” Listener (February 8). 
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Rates.” Euromoney (July), pj>. 4-7. Also in UMBC Econ. Rev. 9 (2): 
67-74. Also in Eton. Notes: Monte dei Pasche di Siena 2 (September/ 
December): 7-19. 

-. “Time to Reconsider Supjzort for Graduate Work.” Times 

Higher Educ. Suppl. (July 13). 

1974. ["Economic Development Policies: Hie Contrasting Recent Ex¬ 
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I he implications of the economic theories of maruage anti of house¬ 
hold fertility behavior are tested in a framework m which educa¬ 
tional investment, marital search, and marital matches are respon¬ 
sive to marriage-nun ket conditions and the personal trails of 
individual agents, some of which are unobserved by the econoinetn- 
cian. Implications are also derived and tested for the effects of 
longevity, attractiveness, preferences, and labor- and marriage- 
market conditions on schooling, marriage age, and spouse choice. 
The empiuca! results indicate that inattention to heterogeneity and 
marital selection leads to a false rejection of the economic theory of 
marriage but to a false acceptance of the value-of-time fertility hy¬ 
pothesis. 


I. Introduction 

How individuals sort themselves through marriage into household 
units has important implications for the distribution of incomes, con¬ 
sumption, and fertility. Only relatively recently, however, have econo- 
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mists turned their attention to family formation, making use ol 
(household) production and search theory (Becker 1973, 1971; 
Keeley 1977). One potentially significant shortcoming of this theoret¬ 
ical literature is the assumption, carried forward in empirical applica¬ 
tions (Frieden 1974; Keeley 1977; Becker, Landes, and Michael 1977; 
Anderson and Hill 1980), that all of the traits individuals bring to the 
marriage market are exogenous. More precisely, empirical applica¬ 
tions of this framework have assumed that any traits that might deter¬ 
mine marital outcomes but that are unobserved by the researcher are 
uncorrelated with observed characteristics such as schooling attain¬ 
ment. 1 Similarly, empirical applications of demand theory have as¬ 
sumed that the joint characteristics of households (e.g., husband’s and 
wife’s schooling) are uncorrelated with the unobserved traits “match¬ 
ing” the marital partners (e.g., beauty, intelligence), which yield utility 
to the household and which may thus be correlated with observed 
consumption patterns . 2 

In this paper we attempt to test the central implications of the 
economic theory of marriage and of the economic theory of one 
consumption good, fertility, in a ftame-work in which educational 
investment, marital search, and maiital matches are responsive to 
marriage-market conditions and the personal traits ol individual 
agents, some of which are unobserved by the- econometrician. In par¬ 
ticular, we test the propositions that there is positive assort,ilive mat¬ 
ing of complementary traits, that search in the marriage market y telcis 
a “better” spouse, and that women with higher levels of schooling 
bear fewer children because their time has a highei value In for¬ 
mulating these tests we are also able to deiive and test additional 
implications for the effects of longevit\. > 

and labor-market and mart lage-m.u V 
tainmenl, age at marriage, spouse tin 

the tests utilize micro data from 
area-level infoimation on life expect, 
and population sex ratios. 1 he Pin 1 
testing a model of marriage because 
divorce and the low percentage of man ten 


1 Sociological rt-scaich on tlie* m.iinage m.nkci, based cm ttic- c-m h mge ot sjiouse 
attributes (e g., F.lcler 1969; Laslcir anti (.Icon 197(1), lias ex.inure. 1 how (he- p.ncnt il 
background and schooling attainment ol women as well as plnsital amatiisencss ate 
corielated with the socioeconomic status ol then husbands Stub studies base tended, 
however, to neglet ( mat it a! sea it It behavioi and t hat at It i tstic s ot the mat l tags- mat kel 
and also to deal all (tails as exogenous 

^ Nerlove (1974) has suggested that the nitcipicialion ot household demand tela- 
ttons is made difficult when marital and household decisions an- not tc-tuisne His 
hypothesis that heleiogeneiiv in pi elet cutes ten thildicn is lesponsihle bu die oli- 
observed negative relationship between female edutaiion and It ittlin is tested Ik low 
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the home (less than 5 percent). The strength and pervasiveness of the 
division of labor between spouses thus make it possible to test for 
positive assortative mating of complementary traits based on correla¬ 
tions of observed schooling levels between spouses. Moreover, despite 
the low levels of labor-force participation by married women (Rosen- 
zweig 1976), schooling levels of women in the Philippines are almost 
equal to those of men, a fact that cannot be readily explained by 
conventional human capital models that ignore the marriage market. 3 

The empirical results indicate that inattention to heterogeneity in 
unobserved marriage-market traits and to the responsiveness of 
schooling to marriage-market conditions leads to a false rejection of 
the economic theory of marriage but to a false acceptance of the 
value-of-time fertility hypothesis based on education-fertility correla¬ 
tions in the Philippines. The results reject the hypothesis that the 
principal cause of the latter is a negative correlation between school¬ 
ing investment and “tastes” for children, but suggest, consistent with 
the marital selection framework, that educational levels and the age at 
marriage and fertility of women in the Philippines are functions ol 
women's “marriageability,” such that exogenously less attractive 
women receive more schooling, marry later, and have higher fertility, 
ceteris paribus, than do more attractive women. 


II. The Mating Function: Heterogeneity and 
Spouse Selection 

The central propositions of the theory of marriage, formulated to 
explain both the set ol marital matches that will occur in an economy 
consisting of heterogeneous agents and the life-cycle timing of family 
formation lor an individual, are (1) the positive assortative mating of 
agents with respect to complementary characteristics (Becker 1973) 
and (2) the existence of payoffs to search in the marriage market 
(Keeley 1977). That is, postponement of marriage results in a “better” 
spouse. In an economy where the household division ol labor be¬ 
tween market and nonmarket activities across mates is strong, more¬ 
over, education is presumed to be a complementary factor in marital 
“output.” In such an environment, there will exist a structural rela¬ 
tionship—the mating function—analogous to the individual (or own) 
earnings function, which relates an individual’s endowments, includ¬ 
ing formal schooling, and search time, as well as the characteristics of 
the marriage and labor markets to the human capital, earnings poten- 


' Bchrman and Wolie (1DS3) dist tiss die potential ini pot lance of ignoring marriage- 
schooling interrelationships in assessing the returns to schooling. 
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tial, or other traits of the spouse obtained through search in the 
marriage market. 

In linear form, the mating function for individual i of sex K is 

ir>‘ = Po + pfTj. + p£Y: + pV + p u>‘ 

+ 0.?K* + p£/* + 0 7 */' + ef\ 

K = male, l = female; K = female, l — male; where H' 1 is the human 
capital of the spouse / of individual i, T' t and i\ are i s schooling 
attainment and marital search time, a 1 represents other traits of; that 
attract a higher-quality male (marital attractiveness), j K and J 1 arc- 
variables representing sex-specific labor-market conditions, D and R 
are features of the marriage market reflecting the dispersion of po¬ 
tential mates and the ratio of potential mates to competitors (Fricden 
1974), and e‘ is the random error term. The marital literature sug¬ 
gests that Pi, 02> P r > > h, and 0| < 0, while 0 ( > 0 by definition. 

Equation (1) may be generalized to include as a right-hand-side 
variable any transfers, conditional on the marriage of i and j, pto- 
vided to ; by the family of individual i (dowry, if / is female; bride 
price, if i is male). In addition, if individual i's parental background, 
for given observed characteristics of /, affects marital offers, then 
variables describing t’s family would be included in the mating func¬ 
tion. 1 

Whether least squares yields unbiased estimates of the- parameters 
of the mating function depends on whethet »> >•. • 11 • ’■ • ”*< 1 -ciwl. 
time are uncorrelated with the erroi t< > ■ 

If, for example, any traits of i that in, 
attracted (e.g., beauty, intelligence) ,u > 
estimates of the 0’s will be biased am 
possibly incorrect as long as such oh-.- 
vestments or search time are influent i 

Assume, for example, that parents 
finance the schooling T'y of their of fspring .u 

mates of their own choosing, with troth parents and olfspi mg taking 
into account the offspring’s exogenouslv given endowment of u and 
the structural relationships embodied m the mating function (1). 

1 We tgnote here the existence <>t Halts that aie unohsei sable to the inai i tage-niai krt 
participants and thus the tolc of family hackgionml as an indu.Uot ol suit) Hails 
Participants' unobservables plav a ma|oi lole in the thcon and cinpuical analsses ol 
marital dissolution (Becker et al. 1977) as well as in income disiiihution (Becker and 
Tomes 1979). Clearly, unfoiesccn landoin ecenis inlluence in.uital ouicomcs, and 
uncertainty may importantly affect heliasim ex ante llowesei. intoimation assnimet- 
lies among optimizing agents and the lesearchet that ai tse fiom data const i amts, 'chic li 
ran importantly bias estimates of systematic lxh.niotal lelatmiislups. loom laige in 
personalized markets such as ihe maniage market and base not Ixen gnen much 
attention in empirical woik. 
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which describe the marital payoffs to schooling and search. Parents 
also know the decision rules of the offspring. Assume also that the 
lifetime welfare maximized by the offspring who live fi years is the 
weighted sum of per period utilities in the postschool, unmarried, 
and married slates, the weights being the lime in each state, and that 
per period utilities in the postschool, unmarried, and married states 
are each a function of own schooling attainment. Finally, employment 
opportunities for i affect premarital income or utility, while post- 
mariial utility is a function of the job opportunities and human capital 
of i and i’s spouse. Then, in linear form, the schooling attainment 
equation for i is 

H = 7 » + + y*J K + 7 s/' + 7 tD' + 7s H K 

( 2 ) 

+ 7*tT ; + 7 7 /'/ +7«/' + 7-V + € 2 '. 

where I’, and l\ are price indices for parental consumption goods 
and schooling, /' is the income of t’s family, and } K and j 1 are variables 
characterizing job opportunities for / and for fs potential mates. 

Parental schooling investment decisions thus depend on the exoge¬ 
nous variables describing the son or daughter, ihe labor market, the 
availability of mates, schooling costs, and the family budget con¬ 
straint. The search time chosen by offspring will depend on the pa- 
lameters a , 11 . /, /), and H as well as on the predetermined schooling 
level provided by parents; that is, the (lineal ized) marital search equa¬ 
tion is 

t{ = 4<o + >1 >?n + + W 

(3) 

+ D 1 + F il>7 a' + e£'. 

If the attractiveness endowments a are randomly distributed in the 
population and are unobserved by the econometrician, the estimating 
equation error terms in (l) through (3) will contain both the random 
errors e and the attractiveness “effects” associated with a'. Equations 
(1), (2), and (3) thus form a nonrecursive system, and single-equation 
estimates of (I) (and of ( 2 |) will be biased, leading to possible mislead¬ 
ing conclusions about the theory. 

None of the empirical studies of marriage in the economics litera¬ 
ture has attempted to estimate the mating function or to take into 
account heterogeneity. Instead, age at marriage of the wife (search 
time) is treated as a dependent variable and her and her husband's 
characteristics are used as exogenously determined explanatory vari¬ 
ables (Keeley 1977; Anderson and Hill 1980). These specifications 
thus confound the parameters of the search-time and mating equa¬ 
tions (1) and (3). It is assumed, not only that the education of the 
married woman is exogenous (orthogonal to all other relevant traits), 
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but also that her choice of a mate, in terms ol his characteristics, is 
“exogenous,” even though in both studies the objects of marital 
search are presumably spouse characteristics. 

Consistent estimates of the relations implied by the theory between 
observables in the presence of heterogeneity can be obtained, how¬ 
ever, since rank and order conditions for identification are satisfied in 
this case. Identification of the parameters of theoretical interest is in 
part achieved hy the assumption that family resources, controlling for 
the offspring’s endowed personal characteristics, have no direct el fee t 
on the quality of the mate obtained. If schooling costs (P t ) or the 
price of consumption goods (P z ) do not vary in the data, moreover, 
this assumption is necessary for identification. However, in a setting 
in which there is a strong household division of labor such that few 
women, say, are employed outside the home, and thus where positive 
assortative mating with respect to schooling is expected, the mating 
functions will not be symmetric across sex groups. Specifically, while 
the extent of job opportunities or employment conditions for men 
will affect the quality of the mates men can attract, changes m job 
opportunities for women will not affect marital income and thus will 
not directly affect the quality ol die matital oflets women receive 
from men, given women’s search time. In such a setting - 0, K - 
female, and the exclusion of P from the mating func lion lot women is 
an overidentifying restriction that can be tested 

III. Marital Attractiveness, Schoolin ' 1 

Since testing the propositions ol the c< < ■ 
population heterogeneous in unobsc 
about the detei initiation of schooling 
useful to be able to test at least some ol t! 
from those assumptions and the basic 11 .. 
framework that yields equations (2) and (.1), g. 

(1), is depicted by two subproblems, hitst, otlspimg /. endowed witli ,, 
level of attractiveness a 1 and provided an optimal level of sc hoofing 
selects an optimal search time (and thus an “optimal" mate) In solving 

max VV' = ( /’, - / j. ).V + (SI T[)M‘ (4) 

subject to the mating function (1). wheie S' - postschool, "single 
income, or utility per period, and M' = pei pel tod mat ital income or 
utility accruing to offspring 1 . Per period single and marital welfute 
are described by the functions S' 1 ' = S(P' t , a',/ K ) and M‘ K - Mill' 1 , 
7 j., a',J l ,J K ), where, presumably, .S |, S„, ,S t "> 0; ,\/|. M >, M 1 . M t 0 
That is, own schooling and the attractiveness endowment contribute 
positively to both single and marital wellate. own job opportunities 
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contribute positively to single welfare, and spouses e jf^ re . 

and job-market opportunities contribute positively to ma , 

Parents of / provide an optimal schooling level to offspring ) 

ing 


max U = U\7‘, VE(ot')J 


( 5 ) 


subject to the family budget constraint (6), 

/' = pjj + p,/r E , (6) 

and with knowledge of offspring behavior, as characterized by (4). 

The linearized solution to the offspring’s problem is equation (3); 
the solution to the parents’ problem is equation (2). The necessary 
first-order condition for the offspring, suppressing superscripts, is 

(12 - TJPjM, = M - S = G. (7) 

Expression (7) indicates that the optimal duration of search time is 
determined when the gains from marriage per unit of time, G (pre¬ 
sumed positive), are equal to the marital search gains accruing over 
the duration of the marriage. The effects of changes in the exogenous 
marriage-market and labor-market variables as well as the endow¬ 
ments of schooling and a will thus affect search time depending on 
how they are presumed to affect the gains from search anti the differ¬ 
ence between welfare in marriage and welfare when single. Similarly, 
the effects of changes in labor-market and marriage-market condi¬ 
tions and in the endowment a on schooling attainment will depend on 
how such variables affect the costs and returns to schooling, as well as 
how schooling affects search time. If we assume that (I) schooling 
raises market more than home productivity, so that an increase in 
schooling raises single more than marital income for women, given 
the household division of labor, as implied in Becker (1974)—that is, 
dG/dT E < 0—while (2) attractiveness a increases the gains to being 
married—that is, dG/da > 0 —and (3) time in school is incompatible 
with both work and marriage, while spouse search can be conducted 
jointly with schooling and work (so that 7, 3= T f ), then it can be shown 
that an exogenous rise in schooling will lead to a higher female mar¬ 
riage age, holding constant the level of the exogenous trait a, while 
among women with the same schooling, marriage will occur earlier in 
the life cycle for more attractive (higher a) women and for women 
residing in locations where the sex ratio is more favorable (higher 
/?)—that is, 4»t > 0; i) i 7 , tj> fi < 0. ’ 


'* Marriage age and marital search will be monotiniieally iclated as lung as (he initia¬ 
tion date for search (puberty?) is random or the same tor all agents. Termination of 
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Moreover, since the tendency for high a women and/or women in 
marriage markets with favorable demographic endowments to marry 
early reduces the returns to education investment (which are lower in 
marriage), as long as the direct effects of changes a, I), and R on the 
returns to schooling in marriage are small, it tan be shown that less 
attractive women and women in unfavorable marriage markets will 
receive higher levels of schooling than their more attractive 
counterparts or than women situated in areas in which potential 
mates are scarcer or more dispersed; that is, -y< ( , yr, < 0; y ( > 0. Finally, 
greater job opportunities for the young will lower schooling invest¬ 
ments by increasing the opportunity cost of schooling, y? < 0, and 
increases in life expectancy H will induce higher investments in Ijolh 
schooling and search, since the total payoffs to each will be increased, 
4 » 2 , 71 > °- 

The signs of the schooling and marital search relations implied by 
the model also suggest the direction of the biases unpaited to OLS 
estimates of the assortative mating and search payoff parameters in 
(1) due to heterogeneity in attractiveness. For example, the slope of 
the observed association between the ages at marriage of observation- 
ally identical (same T h ) women and the human capital of their 
spouses, when the women are heterogeneous with respect to a. 
dHldT s , can be written as 



The first term in (8) is die true to 
human capital of the spouse, from i! 
term reflects the structural effect of 
tween marriage age and a. Since the i 
be negatively associated (more attrac 
then as long as attractiveness leads to n 
educated potential mates, the returns to sc.ion 
estimated by the association between H and l\. conditional on all 
observables, if there is population heterogeneity; uiaitiage selects out 
sequentially the more attractive. Of course, observed schooling levels 
will also be correlated with attractiveness; indeed, the partial associa¬ 
tion between the schooling levels of women and their marriage age 
will be an upward-biased estimate of the “true" effect of schooling on 

search (inaniagc) is thus ihe contiol vai table Note that it males engage moie luavilv in 
market work while married than while single, then, gi\cn the assumed nonneuiraln> ol 
education, more educated men would receive gieater gains from mamage than less 
educated men. 1 he predictions regarding the dcteimutants oi schooling and scauh 
time will thus differ between men and women due to the peivasiveness ni the division 
of household time according to gender. 



JOURNAL OF POLITICAL ECONOMY 


720 

marriage age, since women with higher levels of schooling will be less 
"attractive” in the marriage market (a and 7’/.; will he negatively cor¬ 
related), given optimal investments by parents, and the less attractive 
search longer. 

If attractiveness characteristics are indeed impounded in the error 
terms in equations (1), (2), and (3), the cross-equation residual corre¬ 
lations provide direct information on the ceteris paribus effects of 
attractiveness on schooling and search, since, definitionally, the errors 
in the consistently estimated mating equation are the attractiveness 
returns plus a iandom error. In particular, whether among obseiva- 
tionally identical women those who are more attractive marry earlier 
or receive less schooling (the signs of y, t and 1 ) 17 ) can be inferred from 
the signs of the correlations between the residuals of (1) and (2) and 
(1) and (3), respectively.'’ 

IV. Marriage Age, Spouse Selection, and 
Household Behavior: Fertility 

l’he important e of characteristics unobserved by the researcher, such 
as atti activeness, in the determination of schooling, spouse choice, 
and marital search also has implications for the interpretation of em¬ 
pirical findings regarding the effects of ‘‘household" characteristics 
on consumption choices. 7 For example, the marital selection frame- 
wotk suggests that among the set of married couples in which the 
wives have the same level of education and are of the same age, 
households m which the husband has higher earnings will also be 
characterised by a wile who will have married later and/or who is 
relatively more attractive in the marriage market. To the extent that 
the life-cycle timing of household formation affects the constiaints on 
household consumption choices and/or the attractiveness of each of 


** A sufficient condition lot the ecu respondent? ol the signs oi the schooling and 
marriage-age endowment effects and the appioptiale t evident I correlations when « is 
unobscived is that eqq (I)—(3) ate iccmsive in t, 

7 I he analysis has implications lor lesearch on marital dissolution as well. A major 
hypothesis (Becker el al 1977) is that persons with lower gains from mamage have a 
higher probability of divorce Out results imply that among peisons who many at the 
same age, those with higher levels ol schooling will he deficient in othei respects 
(attractiveness), which may otlset the direct gains (if any) associated with schooling 
Similarly, within a s< booling group, persons who marry earlier will tend to have highci 
levels of other traits contributing positively to the gams from marriage, which mav 
offset any negative consequences of early maniagedue to the associated increase in the 
probability of a mismatch. Ihe findings of Becker et al. lor the United States are 
consistent with these selection mechanisms associated with heterogeneity, as they find 
no effect of educational level on the piobabihly of marital dissolution and a U-shaped 
or nonexistent (for males) association between marriage age and divorce probability 
based on single-equation estimates. (They have other explanations for some of these 
results.) 
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the marital partners is an argument in the household utility function, 
associations between husband’s (age-adjusted) earnings and con¬ 
sumption cannot be interpreted as pure income effects. Similarly, the 
correlation between wife’s education and household consumption, for 
a given husband’s earnings, will reflect any (life-cycle) consumption 
effects associated with a younger marriage age or lower marital attrac¬ 
tiveness. 

With respect to one consumption choice, family si/e, marriage age 
is likely to have an important structural effect on fertility, since earlier 
marriage increases exposure to the risk of contraceptive failure, and 
thus increases contraceptive costs, and delay in maniage lowers po¬ 
tential fertility. As a consequence, the theory of marital selection pro¬ 
vides an alternative explanation both for the pervasive finding in the 
fertility literature that mother’s schooling has a negative association 
with fertility and for why the effect of husband’s income is often 
negative. One conventional economic explanation tor this latter 
finding is based on the association between the wife's value of time 
and education and husband’s income (Willis 1973) We have shown, 
however, that women with higher levels of education are likelv to 
postpone marriage in situations where there is nonmarket specializa¬ 
tion hy women in marriage and the productivitv effects of schooling 
are market biased; thus, a negative association between female educa¬ 
tional attainment and completed fertilitv mav be obseived even it 
married women with higher levels of education do not have higher 
values of time. Similarly, among wom< r 
those with a husband having higliei 
married later. The negative (ertilitv < 1 
may offset any positive associations lx 
for children associated with the usual < 

I he presence of heterogeneity in n 
that controlling for marriage age is i> 
conventional demand theory relationship' 
tercorrelations between unobserved 11 urit.il ciictmuiRj., . .. 

marriage age, and the husband's earnings potential 1 he “stria tural 
equation for the fertility F of couple 1 / is 

F' 1 = b ty + Mr + (>■/![ + bjl‘> + + € /. (91 

where A' 1 contains the combined endowments of the marital pari nets, 
including ex'. If the latter is included in the residual of a fettilitv 
equation such as (9), then OI.S estimates ol the household “delcimi- 
nants" of fertility will be biased, since, given equations (1) thiough (3). 
T't, T[, and II' 1 will be correlated with the error term. 

Nerlove (1974) has also suggested that the (negative) association 
between female educational attainment and fertility mav be spurious. 
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the consequence of heterogeneity in unobservables reflecting prefer¬ 
ence orderings. In particular, he hypothesizes that women with pref¬ 
erences for large families will obtain lower levels of schooling and will 
marry earlier. Nerlove’s hypothesis thus implies that the correlations 
between the residuals of ihe fertility equation (9) and the schooling 
and marriage-age equations (2) and (3) will be negative, although it is 
not clear how or whether a woman’s taste for children, given her 
schooling and marriage age, affects her spouse selection and thus 
husband’s income. 

However, in addition to providing signs for the residual correla¬ 
tions among equations (1), (2), and (3), the marital selection 
framework suggests that the signs of the correlations between the 
fertility residuals and those of the education and marriage-age equa¬ 
tions will depend on whether the attractiveness of the marital part¬ 
ners is a substitute for or a complement to children in the household 
utility function. If, for example, attractiveness is a substitute lor (or a 
complement to activities competitive with) child rearing—that is, the 
correlation between the residuals from (9) and from the mating func¬ 
tion (1) is negative—then the marital selection framework implies that 
the correlations between the residuals in the fertility equation and the 
female schooling and marriage-age equations will be positive (more 
attractive women receive less schooling and marry earlier). The pat¬ 
tern of correlations across the structural schooling, marriage-age, 
mating, and fertility equations thus may provide evidence that will 
permit discrimination between these two competing hypotheses about 
the role of unobservables in fertility determination. 


V. Testing the Theory: The Philippines 

/\. The Data 

We apply the framework described by equations (1) through (9) to 
data from the Philippines. The Philippines provide a good laboiatory 
for examining marital behavior and its role in fertility determination 
because the unique combination of features of Filipino society helps 
to identify the theoretical parameters of interest. First, dowry and 
bride prices are unimportant in the Filipino marriage market, and 
there is no obvious social stratification, such as a caste system, that 
would serve to make family background an important direct con¬ 
straint on mate selection. Second, rates of labor-force participation of 
married women are small: in 1973, only 15.5 percent of married 
women were in the labor force (Rosen/.weig 1976). Thus, positive 
assortative mating with respect to schooling should not be obscured 
by variations in the household division of labor, and labor-market 
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conditions for women ought not to play an important direct role in 
marital matches. Third, 74 percent of those married women who 
were in the labor force were employed in the household. The evident 
compatibility of female employment with household tasks suggests 
that changes in employment opportunities for women may not 
significantly affect their gains from marriage. These characteristics 
imply that for Filipino women family income is not a right-hand-side 
variable in (1), (3,-. = 0 in (1) and 4 /h = 0 in (3). 

The near parity of Filipino women's and men’s schooling levels, 
despite the low market-participation rate of married women, also 
suggests that the schooling of women in the Philippines may be linked 
in important ways to the marriage market. Indeed, schooling rnav act 
as a dowry substitute in the Philippines, as most women complete 
their schooling prior to age 15, so that the financing of education is 
chiefly the responsibility of the family. 1 he relatively voting age at 
which schooling is completed also means that for almost all women 
there is a significant postschool period before maniage, as assumed in 
the model (the median school-to-marriage inteival is 7 years). How¬ 
ever, to the extent that schooling in the Philippines is completed print 
to the full revelation of traits that are attractive in marriage, the 
correlation between schooling attainment, but not necessarily mar¬ 
riage age, and such traits ntav he low tn the context of the Philippines. 

Estimates of equations (1), (2), (3), and (It) are obtained using infor¬ 
mation from the 1973 National Demographic Stines of the Philip¬ 
pines, a country-wide representative sample "I ^ f’1 lunivliolds 
stratified by rural and urban resident i - 
the Philippines Population Institute t, 

Census and Statistics Office. These 
sex-specific unemployment data and 
from the 1970 Census of Populate 
once-married women aged 35-45 w 

Fable I defines the empirical \ 
counterparts and provides sample desc 11 pi is > 

or human capital, of the husband selected b\ each woman is mea¬ 
sured by his predicted capitalized earnings valued at the lime of mai- 
riage, based on his background, personal chai at (eristics, and region- 
specific survival rate trajectories.” Piedicted hourh earnings were 

H 1 he present value ol husband's expet ted lull income (in thousands at pcsml ui lime 
of marriage is obtained Irom >' = H.76 J“ a'(f)v(r;. I)e "'ill. w belt- a is las age at tune 
of marriage, w(l) is piedicted houilv catnings at age I. i(a, I) is the pmhahihtv nt Ins 
survival Itom age a to I in the province in which ihe couple resides, and t ( - 0'_’| is the 
discount rate. The integral is multiplied h\ H 7b since theie aie N 7li thousand hocus m 
a year. The suivival rates are taken Irom the West male model tilc- tallies it oalc and 
Demeny 1966) corresponding to the pionncia! probabilities ot a child's suivival Itom 
birth to age 5. 
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TABLE I 

Descriptive Si ai isric.v: Marrieo Women Ac.ed 35-44 in Philippines 
(N = 1,302) 


I hcorelic al 

V'aria hie 

Empirical 
(aiuntet part 

Definition 

Mean 

SD 

Endogenous. 

r, 

FDW 

Years of schooling of woman 

5.80 

4.10 

T\ 

A MAR 

Age of woman at maniage 

20.7 

4.33 

11 

LAV 11 

Natural logarithm of the survival- 

4.63 

.40 

F 

CEB 

weighted present value of the 
husband’s earnings (in P 1,000s) 
at maniage 

Children ever !x>t n 

6 34 

2 75 

Exogenous 

/ 

EDEA 

Years ot si hooting of woman’s 

3.21 

3 40 

n 

SFXR 

father 

Ratio of males aged 3 r > -14 to fe- 

94 

05 


UM 

males aged 33-44 in pi ounce 
I’nempluyinenl late for males 

4 08 

2.22 

>\-r 

UF 

ag.'.i 35-44 in pi ounce 
Uiu'inplovmvtit into lot Icmalcs 

9 57 

4.15 

n 

SURV 

agoil 3,"» -14 in pimtiue 

Suiuc.il pioli.ihiliiv lo age 5 (i \) m 

9.42 

25.2 

O. Pe 

RURAL 

pi ounce (thousands) 

Residence in nnal aiea (dununv 

34 

50 



satiable) 




obtained from an auxiliary regicssion equation in which the natural 
logarithm of the computed hourly wages of all males (married and 
unmarried) was regressed against schooling level, an occupational 
skill index, quadratic and linear age terms, and the schooling level ot 
the father.' 1 Of the other vaiiables. KDFA represents the income level 
of the wife’s original home environment; the regional unemployment 
rates 11F and UM depic t market-demand levels for male and female 
labor; 10 the survival rate, SURV, proxies life expectancy; and the 
RURAL variable captures differences in population density and thus 


'* Because we .lie using the husband's expected wage, based on a iegression equation 
with oni) 1 he husband's c haiac tensile s utilized as irgiessois, any effects of the wife’s 
s< hoofing in augmenting wealth thiough selection of unobserved (by tin* t exeat chei) 
husband’s chatac tensiics affecting earnings or through the tiansfer of mfotmaiton 
within maniage (Bonham 1974) are pinged from die EDW coefficient. Thus the edu¬ 
cational “return" estimated may understate the iota! (private) effect of the s< hooting of 
a woman on her husband's earnings. Note that OI.S estimates of the ‘‘effects" of wife’s 
education on husband's earnings, controlling foi husband’s education, will be biased 
downward due to heterogeneity. 

lo I he cumulated past work experience of women in the 1973 sample is significantly 
and negatively associated with the 1970 tegional female unemployment rates (Rosen- 
zweig 1976); thus. UF and UM characterize Jong-teim market conditions. 
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in search and schooling costs. 11 An age variable (AGKW) is also in¬ 
cluded in all equations to capture cohort effects. 12 

B. Empirical Results: Spouse Selection, Schooling, and Search 

fable 2 displays OLS and three-stage-least-squares (3SLS) estimates 
of equations (1), (2), and (3), modified to reflect the Philippines set¬ 
ting. The 3SI.S estimates of the mating function, column 2 of table 2, 
confirm the basic tenets of the economic theory of marriage—a delay 
in marriage by women (longer search duration) is associated with a 
husband with greater expected earnings power while, given search 
time, the higher the level of the wife’s schooling the more likeh she is 
to have married a husband with high earnings potential. The 3SLS 
point estimates suggest that the gross “retut ns” to female sc booling in 
terms of the husband’s expected present value of income, the per¬ 
centage increase in expected wealth clue to matiiage choice resulting 
from a 1-year increase in the wife’s schooling, is 5 percent. An addi¬ 
tional year of delay in marriage increases the expected wealth of the 
husband by lb percent at the time ol marriage. 1 ' Moreover, as indi¬ 
cated by the theory, for given daughter (wife) trails and behavior, the 
higher the number of males to females in the area and the lower the 
population dispersion the greater the earnings of the marital partner. 

While none of the statistic all v significant Ol.S mating lunction 
coefficients shift importantly when the 3SI,S estimation technique 


11 I he estimate nl SL KV is (tensed tnim I' 1 
ever born and children sumvmg to women .il 
described in l'iussell (1975) l sc of tins mdr\ . 
not the shape of the life-table sut\i\al ptohabiltn. 
fiotn bn tli to age ."> (/-,), ail assumption cm plow • 

CoaJe-Denienv (I9bb) life tables Finis, if iddii 
the same regional model life table. Sl'RV is pi , 
l * ? Because no information on age at manure 
sided for ncver-maitied women, who aie exclude d In" 
still be at letted to some degtee b\ selet tmtv bias We haw hoaot. . 
age Hoor in obtaining oitl sample, as census data indie ate that almost ,V» pi u rut ol all 
women had been inai i led b\ that age m 1970 (the piopoi non e\ei mamedbv ige 1‘) 
*19 is 9 J), 1 he coef h< tents of A( »hW in the mat i iagc-age equation will 1 1ms u Ho i bodi 
coltotl and selectivitv effects to some extent 

M Auxihaiv slim till al estimates indicate that highei levels ol female schooling and 
female mainage age are associated with the marriage of a moie educated husband 
I lowevci, while a dclav in man uge tesulis. cetc l is pai ibus. m a \oungei luisbaud. the 
higher is female sc hooling for gi\en female mat nage age. the oldei is the husband I lie 
relative marital i etui ns to female schooling and mainage age thus depend on the age 
trajectoiics of earnings and survival piohahihties and the discount tale 1 he two lattei 
characteristics are given by the data and aie used in compuimg the wealth \aitable 
Experimentation with the discount late indicated th.it thcie was an line ise lelatiouship 
between the estimated magnitude of the (positive) SSI S eftec t of VMARon 1 AMI and 
the level of t up to t « 10 
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T ABLE 2 


Siruc.iural Equation Estimates: Schooling, 



Ac.K at MARKIAl.t , 
(Standard E 

and iHL Maiinc; Flinch ion 
rrors in Pareniheses) 




LWH 

E1)W 


AMAR 

VaRMBI h 

OLS 

3S1.S 

OLS 

3S1.S 

OLS 

3SLS 

EDW* 

056 

.050 



.304 

.2)5 


(.002) 

(024) 



(031) 

(.061) 

AMAR* 

- .003 

.162 






( 002) 

( 089) 





EDVA 




.565 






(.028) 

(028) 



UK 



064 

.058 






(.029) 

(.029) 



SEXR 

-.173 

I 43 

- .967 

- .806 

-9,30 

-8.50 


( 129) 

(.948) 

(i 86) 

(1 86) 

(2.42) 

(2 37) 

SUKV 



.009 

.010 

.001 

008 




(004) 

( 004) 

(.005) 

(.002) 

UM 

- 018 

- .024 

- .098 

- .091 

.028 

.0,31 


(.003) 

(.012) 

(.060) 

(.060) 

(.063) 

( 063) 

RURAL 

- 338 

- .238 

- 2.36 

-2.32 

.350 

137 


((Ha) 

(.062) 

(.231) 

(.230) 

(.276) 

( 329) 

At JEW 

- 1)02 

-.018 

- .029 

-.029 

.110 

106 


(.002) 

(012) 

( 032) 

(032) 

( 042) 

(.042) 

Constant 

4.88 

555 

- 953 

- 2 076 

22.45 

15 66 


( 171) 

(2 21) 

( 173) 

(4.61) 

(6.09) 

(3 74) 

l(' 

690 


.408 


099 


Wut 


610.5 




8.82 


* tiulogcMim i.n 
t (-loin ‘JM,S I'Mimatt"! 


is applied, use of ordinary least squares appears to understate 
significantly, as predicted, the effect of marital search by women in 
attracting a “better" male—indeed, while the SSLS AMAR coefficient 
is statistically significant (5 percent level, one-tail test) and positive, the 
corresponding OLS parameter is insignificant and negative. More¬ 
over, application of tfie test suggested by Durbin (1954) and Wu 
(1973) results in rejection of the hypothesis that schooling and mar¬ 
riage age are uncorrelated with the mating function residuals; the 
computed Wu statistic is 610.5, well above the critical /'-value for 
2,1209 degrees of freedom. The OLS bias in the AMAR coefficient is 
thus consistent with the presence of negative “selectivity" associated 
with the length of single status. This bias is also evidently imparted to 
the coefficient of SEXR, which is only positive and statistically 
significant when 3SLS is employed. 

The parameter estimates in the schooling and marriage equations 
also tend to conform to the hypotheses about the determinants of 
educational investment and marital search. The schooling equation 
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estimates indicate that women with more educated and presumably 
higher-income fathers and in areas where life expectancy is relatively 
high obtain higher levels of schooling, with the coefficients of SURV 
and EDFA statistically significant at the .05 level. The sign of the 
statistically significant female unemployment rale coefficient in the 
education equation is also '‘correct"—higher rates of female unem¬ 
ployment, and thus lower opportunity costs of schooling, are associ¬ 
ated with greater levels of female schooling attainment. Schooling 
attainment is also lower in rural areas, where costs associated with 
travel time to school are presumably higher than in urban areas. 
While the sex-ratio coefficient in the schooling equation also displays 
the predicted sign—where males are relatively more prevalent 
schooling investment in daughters is less—the coefficient is not statis¬ 
tically significant by conventional standards. 

In the 3SLS marriage-age equation, the coefficient signs for school¬ 
ing, SURV, male unemployment rate, population density (RURAL), 
and the sex ratio are in accord with the marital search framework- 
increases in the schooling level of women, increases in survival pios- 
pects, poorer labor-market prospects for men, and greater popula¬ 
tion dispersion raise the age at which women marry, while in< reases in 
the relative number of males significantly lower age ai marriage 
Moreover, as predicted, the OLS estimate of the coettii lent of E1)W is 
upwardly biased (by 40 percent) due to heterogeneity and the endog¬ 
enous response of schooling to exogenouslv 
the marriage market, although this chib . 
cally significant. Indeed, the Wu statist,, 
the .05 level, unlike that for the mating 
the correlation between EDW and the 1 
due, as noted, to the low average age 
Philippines. 

The pattern of residual correlations air 
schooling, and marriage-age equations, iepm i< 
to support the hypothesis that peisonn! ili.u 

mates but unrecorded in the data influence muiuul sc.ucu .mu. m . 
lesser extent, schooling. Since the residuals from the LWII mating 
equation contain the marital returns to unobseived female endow¬ 
ments, as noted, the negative correlations between these residuals and 


11 As stressed by Nakamura and Nakamuia (1**80. the Injioihesis levied > mucins 
the statistical significance of the cot relation between a suspected endoge. nous vai uhle ,\ 
and the structural equation residual, not the significance nt the change ( = biao. it am 
in the coefficient of .V resulting from the use or nonuse of insti umeni> Moi com 1 , the u 
results suggest that the power of the Wu lest is low. so dial foi laige \ample\ the null 
hypothesis of zero correlation will almost alwa\s be iejected lot \ct\ small non/eio 
correlations. 
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TABLE 3 

Residual Corkelaiion Mairix 


Variable 

KOW 

AMAR 

LWI1 

FDW 


.073 

- .249 

AMAR 



- 744 

CEB 

149 

.42H 

-.453 


those f rom the education and AMAR equations are supportive of the 
spouse selection framework, which suggested that more attractive 
daughters would receive lower levels of schooling anti would remain 
unmarried least long.'~ > As expected, however, the correlation of the 
F.DVV residuals with the mating function residuals is much less strong 
than that between the residuals of the LWH and AMAR equations. 

Finally, to test the overidentification restriction that parental back¬ 
ground has no direct effect on the quality of the sjrouse attracted by 
the daughter, F.L)FA was added to the mating and marriage-age equa¬ 
tions. However, we could not reject the hypothesis that family back¬ 
ground has no influence on spouse’s earnings charat terislics for given 
daughter’s traits and search, because F.DFA did not attain statistical 
significance in either equation. The influence of a woman’s parents in 
the Philippines on her age at marriage and the quality of her mate is 
evidently only indirect, via parental financing and/or determination 
of schooling investment. 


C. Empimal Results: Spouse Selection, Tastes, and Fertility 

Table *1 reports estimates of variants of the structural fertility equa¬ 
tion (9). The first specification, reported in column 1, conforms to the 
“conventional” household fertility demand equation in which the 
wife’s schooling, husband’s (permanent) income, survival rales, loca¬ 
tion, and age are regressors. The specifications in columns 2 and 3 
both add the wife’s age at marriage. The estimates in column 2, like 
those in column 1, are obtained using OLS, while the estimates in 
column 3 are obtained using 3SLS as part of ihe equation system 
including the mating function and the education and marriage-age 
equations. The estimates in the third column thus take into account 

1 ’ Taylor >ui<l tllenn (1 ‘>7t>) bud, based on a l' S. probability sample, that lot most 
socioeconomic ba< kground groups, physic ally mine aituu lice women, for given si bool¬ 
ing, and women with higher levels of schooling, (or given physical attractiveness, many 
men with higher levels ot socioeconomic attainment. These associations, however, aie 
weaker lot daughters of (aimers. The authors hypothesize that this anomaly arises 
because the more attrac live women I torn this socioeconomic origin class tend to mat t y 
earlier than their less attractive siblings, but they cannot test the hypothesis because ot 
the absence ol data on age at matriage. 
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TABLE 4 

Determinants ok Children Fvkr Born: Es iimaied Fehiiiiiv hm< is 
of Female Schooling, Age ai Marriac.e, and Husband's Earnings 
(Standard Errors in Parentheses) 


Variable/ 

Estimation Technique 

OI.S 

OLS 

3SI.S 

to* 

- 177 

- .067 

042 


(026) 

(.024) 

( 212) 

I.WH* 

.476 

091 

130 


( 327) 

( 289) 

(2 23) 

AMAR* 


- 296 

- 331 



(.016) 

(.167) 

SURV 

- .006 

- 003 

- 001 


( 003) 

(.003) 

( 00.3) 

RURAL 

361 

281 

162 


( 103) 

( 171) 

( 484) 

AC.E 

.123 

i:>;> 

.179 


< 024) 

( 021) 

1 033) 

Constant 

5 6;> 

9.14 

11.33 


(3. IK) 

(2 82) 

(7 67) 

R* 

096 

295 



* t ikIo^ciious r.iri.iblis 


marital behavioi and population hetcrogencilv. Note that idcntiiica- 
tion of the fertility equation is achieved by again making use of the 
observation that few married Filipino women an ■ ' :•!<' 1 "iitsidc 

the home, so that changes in female emp' 
do not alter the relative costs of house! 

The OLS estimates of the wife’s ecb 
effects on children ever born in the In- 
with conventional results, witfi both \.r 
cantly associated with the fertility me.o 
cant, negative female schooling effect, it. 
the hypothesis that women with highci . 
fewer children. T he TSL.S estimates m < 
that the schooling and suirival effects on I. . 
marital selection."’ Neither female education. hu'iRna! - 
the province-level survival rate remains a significant detei imnant of 
child ren ever born when both heterogeneity and marunge «ige are 
taken into account. 17 Indeed, the estimates indicate that a l-\ear in* 


*’ Fhc HSUS icsulls are similar to Mann.m s (I‘.17(1) findings fused nil d.ti.i Imm the 
1968 National Demogiaphk Sui\e\ ol the Philippines 1 human maud m.midge age. 
but not female schooling oi husband's income, as an endogenous \aruhle in a simul¬ 
taneous equations system 

17 Of course, El) and SURV affect the choice of age ai mamage and ilius IAMI 
Reduced-form estimates suggest that fcitility is signifuanlh highci m mial anas and 
where males of marriage age are relatively abundant; women horn households hi 
which the father has a higher level of schooling bear sigmfuanth lewet clnldicn 
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crease in the schooling of a woman, for a given marriage age, would 
lower children ever born by only 0.04 children, while a delay in mar¬ 
riage by 1 year would lower fertility by more than one-half child, an 
elasticity of - 1.8. 

The OLS estimates in column 2 suggest that the large reduction in 
the female education coefficient is due mainly lo the strong correla¬ 
tion between female schooling and marriage age, which itself has a 
strong negative structural effect on fertility. The operation of selectiv¬ 
ity associated with heterogeneity in trails valued by marital partners is 
also evident, however. The test statistic for the correlation of the three 
endogenous variables FDW, LWH, and AMAR with the fertility re¬ 
sidual is 13fi.4, well above the critical /“'-value for 3,1200 degrees of 
freedom; indeed, use of the appropriate 3SLS estimation procedure, 
while not reducing the education coefficient significantly, results in an 
increase in the absolute value of the statistically significant, Ol.S age- 
al-inarriage coefficient by 87 percent. The correlation between the 
residuals from the structural LWH equation, containing the returns 
to the wife’s unobserved endowments, and the structural fertility 
equation residuals, reported in table 3, moreover, is large and nega¬ 
tive. Among observationally identical couples, those with a wife who 
has characteristics more valued in the marriage market evidently sub¬ 
stitute away from children in their consumption allocations. 

The negative correlation between marital attractiveness and fertil¬ 
ity implies, as was noted, that if the utility-yielding traits of the marital 
partners dominate the error term in the structural fertility equation, 
the fertility residuals will be positively correlated with those from the 
marriage-age equation. They will also be correlated, to a lesser extent 
(in the Philippines), with those from the schooling attainment equa¬ 
tion due to marital selection. This is confirmed in table 3—the resid¬ 
ual AMAR-I.WH correlation is .43, that between L1)W and LWH is 
.15. These latter correlation patterns are, moreovei, inconsistent with 
Nerlove’s hypothesis that women with above-average preferences for 
children obtain less schooling and marry earlier, which would imply 
that these correlations would be negative. Variations in marriage age 
and in marital attractiveness appear to account for almost all of the 
systematic variation in fertility among Filipino women. 


VI. Conclusions 

In this paper we have shown how the existence of linkages between 
human capital accumulation, spouse selection, and exogenous traits 
known to marriage-market participants but unobserved by the re¬ 
searcher may obscure some of the predictions of the economic theory 
of marriage based on estimates predicated on the exogeneity of all 
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personal attributes. The selectivity associated with maiital sorting was 
also shown to importantly affect the interpretation and estimates of 
how household characteristics such as income and education are re¬ 
lated to tine important choice of households, family si/e. 

The empirical findings from the Philippines provided support for 
the hypothesis that schooling, marital search, and spouse selec lion are 
endogenous variables influenced directly oi indirectly by the total 
resource of parents, endowed trails of offspring, the costs of school¬ 
ing, and marriage-market conditions. Instrumental estimation tech¬ 
niques, used to eliminate bias due to the presence of heterogeneity in 
marital endowments, but not OLS, provided confirmation of two ma¬ 
jor but hitherto untested tenets of the economic theory of marriage— 
namely, that there are payoffs to spouse search and positive associa¬ 
tive mating with respect to schooling, which is evidently valuable even 
when labor-force participation is low. Our results also indicated, how¬ 
ever, that, while additional schooling attracts a higher-value spouse, it 
lowers the gains from marrying. Consequently, women with mine 
schooling and less attractive women tend to marry later than other 
women. There was some evidence suggesting that less attractive 
women also tend to receive mote schooling. 

Finally, the results rejected the hypotheses that more educated 
women in the Philippines have lower fernliiv because their value ot 
time is higher and that more educated Filipino women have lowei 
preferences for children. Support was piovichd m u id fm the In- 
pothesis that the obsetved female eclui.i 
the Philippines reflects the optimal si 
agents heterogeneous in marriage-m.: 
for children in household constimptii” 
the relationships between household 1 
household consumption behavior worn 
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Entry, Industry Growth, and the 
Microdynamics of Industry Supply 


John C. Hause 

State Utuveiuty of Sew York ol Stony Brook 


Gunnar Du Rietz 

Svemku Arbehini'mrimnmif'cu 


Entry is widely discussed but iarris subjected to empmeal studs 
l'his study develops <i iotn|)e(iti\e thcoty ol entrs, with piitnais 
foots on the rel.tlionsbip between entrs and tndustrs giciwth 1 he 
main ingtedients .tie adjustment <osts to In ms alreads in the indus¬ 
try and the distribution ol fixed entry costs to potential entrants | be 
theory suggests sulfu ient conditions under sslnt It the end s t ate is an 
increasing, convex function of the nidustts gtowth late \ tegtc-s- 
sion model cot reeling for seveie hetetosc c-d.tsftt h\ i. tonhed to data 
fiom Swedish mambat titling industiies I ! . 
with the iheotetic.il ptedtction for go 
expected to influence etuis signifitaiu 


I. Introduction 

Recognition ot the t_eiut.il tole of etttis t. 

least as old as Adam . 1 Oddly enough, the stihsi .p. t , 

Manse's wotk on tilts stitch lias iccctvctl suppoti at vatious -a.igis fioin the linlti't 
nens Utlcdningsinsiitul, Iiom a \ isitmg fellowship ai die I |oo\< i Institution. aiul lnun 
NSF grant SKS-7^>27217. Ho is indebted to (ienige | Siiglei I«>r initial imt*?«*Nt in iin** 
topic, to Ken Hondiit ks, and to an unknown lclcice lot const im uu umiiiit tils 11 ( 
Veil earned out most of the calc illations lejMHted in Sec 1\ ot the sinch OnU die 
authois ate liable foi the diialish and conclusions that follow 

“When l>y an inc rease in the effectual demand, the niai kei pi i< <• ol some par in ul.u 
commodity happens to rise a good deal ahoxc die naiui al pi ue. those w ho c mplo\ their 
stocks in supplying dial niaikei ate gencialh caitlul to conceal this change If it was 

\Jiiunmt of l > <>li(ual t 1 * 18-1 veil * 1 ’J tin l| 

-Q- 1*184 l>\ 1 lie I imristiv ol ( Im.tgn \ It lights iiyottl (HCZ- C8M.s M tMtiv&ol ‘.n 
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empirical elaboration of entry has been like Moby Dick without the 
whale. The main line of development has followed John Bates Clark’s 
doctrine of “potential competition” (1887), recently resurrected and 
dressed in formal attire by Baumol, Panzar, and Willig (1982). Clark 
was concerned with understanding how competitive forces would op¬ 
erate if the atomistic structural competition (hat characterized ag¬ 
riculture and precorporate manufacturing were replaced by indus¬ 
trial markets dominated by a lew large firms. He concluded that even 
a formal monopolist may well charge a “normal” price, reflecting only 
his costs of production, if there are potential entrants who could and 
would appear if price rose above this level because of monopolistic 
restriction of output. Clark believed that recognition of this potential 
competition was an important constraint on the behavior of formal 
monopolists and trusts. Over time, he became increasingly skeptical 
ol the adequacy of this control of monopoly power, unless policies 
were aclopted to prevent predatory behavior that might otherwise 
discourage entry.' 

The past 25 years have seen the development of a related literature 
on “barriers to entry,” stemming from papers by Bain (1949) and 
Modigliani (1958). 1 his work attempted to characterize theoretically 
conditions under which significant long-run departures from Clark’s 
“normal price" might occur. And it attempted to measure empirically 
the size of such departures, in terms of rates of return or price-cost 
differentials. It would seem natural for a much more systematic inves¬ 
tigation of actual entry to complement this work. Although several 
empirical studies of actual entry have been carried out, very limited 
attention has been given to this topic. 1 

There are several reasons why realized entry deserves more atten¬ 
tion. (1) Economic theory says almost nothing about where the output 
comes from when an industry expands. Under what conditions will it 
come almost exclusively from the lit ms already in the industry? When 


commonly known, then nic.il profit would tempi so many new rivals to employ iheii 
sloiks in the same way, dial, the effeilual demand being fully supplied, the market 
pike would soon be icduted io the natural piitc, and perhaps lor some lime even 
below ii. It die market is at a great distance from the residence ol those who supply it, 
they may sometimes Ire able to keep the secret for several years together, and may so 
long enjoy their extraordinary profits without any new rivals. Secrets ol this kind, 
however, it must he acknowledged, can seldom he long kept; and the extraordinary 
profit ran last vety little longer than they are kept” (Smith [1776] 1987, p. 60). 

2 See Stigler (1968) lor several mteiesting comments on potential competition 

’ Previous cross-sectional studies ot entry include Ilausc (1962). Mansfield (1962), 
Wedervang (1965), McCntckin (1972), Orr (1974), Duelscli (1975), Du Rietz (1975, 
1980), and Gorccki (1975). T his study is a major refinement and extension ol work 
reported in Du Rietz (1975, 1980). 
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will entry play an important role in such expansion? Our inability to 
answer such questions adequately indicates a major lacuna in the 
theory of competitive supply. (2) The importance of potential compe¬ 
tition in generating competitive outcomes depends on the sensitivity 
of entry to changes in the returns to or costs of entry. Past attempts to 
measure barriers to entry have not utilized information on differen¬ 
tial entry rates to address this issue. Some of the variables determin¬ 
ing entry rates can be interpreted as costs. I'he sensitivity of entry to 
variations in such costs is useful evidence on the potential importance 
of potential competition. 

This study is focused primarily on entry by new firms. In Section II 
we provide a quantitative summary of this entry for a la-year period 
(1954-68) for most of the plastics, primary metals, and engineering 
manufacturing industries in Sweden. We also consider entry by estab¬ 
lished firms, which diversify by building a plant in a new industry (for 
them). In Section III, we develop a simple theory of the relationship 
between entry and the growth rate of a competitive industry. It is 
important to understand the mechanism of entry in a competitive 
context before claiming a serious understanding of the role of 
strategic behavior to influence entry in markets with monopoly 
power. Several other variables that affect entry tales are discussed 
briefly. Section IV presents some econometric evidence on determi¬ 
nants of entry, with particular emphasis on the industiv growth rate. 
This evidence suggests that entry is an inc leasing, convex function of 
industry growth rates, a result consistent with the theotctic.il argu¬ 
ment in Section III. This empirical work mu'- ■ 1 
developed extension of the usual regret 
heteroscedasticity, an important static 
section industry studies. 


II. Market Shares of New and Divers. 

Entrants 

A natural way to characterize the direct impac t of entrv over a pet tod 
of time is by the end-of-period market share of the entrants. Mathei 
shares are measured by employment, an imperfec t but adequate sur¬ 
rogate for product market shares. Table 1 repents the entrant shaies 
for 39 Swedish manufacturing industries for the 15-vear period end¬ 
ing in 1968. The share of new firms ranges from 0 to 26 peuent. 
while the share of firms tftat have diversified into new industiies 
ranges from 0 to 20.7 percent. We denote these two tvpes of enttv bv 
E„ and E d in the following discussion. The share of enttv fiom both 
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sources ranges from 0.3 to 30.7 percent. At a more aggregate level, E„ 
amounts to 5.8 percent for the 39 industries, while E,t is 1.7 percent. 4 

If entry is measured instead by the fraction of existing firms in 1968 
that entered the industry as new or diversifying firms over the pre¬ 
ceding 15 years, E„ ranges from 0 to 46 percent for the 39 industries. 
E u entry measured the same way ranges from 0 to 20 percent. 

The first impressions from these data are that entry usually ac¬ 
counts for a rather modest share of an industry’s activity, even after a 
15-year period, although thete is a large variance across industries. 
Entrants do account fot 20 percent or more of industry employment 
for five industries in our sample, although these industries are rather 
small ones. Entry measured by relative numbers of firms exaggerates 
the direct impact of entry by new firms, since new firms lend to be 
much smaller than established firms. 

Most economists would ptobably agree that high rates of entry can 
he regarded as pritna facie evidence that long-term monopoly is not 
sustainable, even if attainable. Based on the 7.5 percent aggregate 
employment share of E„ and E, h some observers might conclude that 
entry is not a very important mechanism for enforcing competitive 
behavior in industries. We disagree with this inference. The potential 
competition literature makes the important point that a high ob¬ 
served entry rate is not a necessary condition lor obtaining approxi- 
mately competitive levels of output and price even with substantial 
industrial concentration. The sensitivity of entry to c hanges in the 
costs or returns to entry is more important than the level of entry as 
an indicator of the importance of potential competition. Some evi¬ 
dence on this sensitivity is provided in Sec tion IV. 


III. The Relationship between Entry and 
Industry Growth Theory 

1 his section develops a simple competitive theory of the qualitative 
relationship between entry and industry growth. It concludes with a 
nief, informal discussion of several other important determinants ol 
entry and defines the empirical counterparts to the theoretical vati- 
afoles. 

Our theory has two ingredients, (!) costs of adjustment to existing 
firms in altering their capital stock and (2) the distribution of fixed 


The eniiy data arc from establishment statistics. Each establishment is assumed t„ 
one industry even (or imiltiprodu, c establishments. Data wete also collected on emrv 
when an establishment (or entire firm) is reclassified into a new indtisiry but are not 
analyzed m (Ins paper. Such "entry" is small ,dative to new him and diversthclmn 
in fo n n a no n'' ‘* ** See L>u K.ctz (1975. 1980) for Lithe. 



INDUSTRY SUPPLY 


7.'59 


costs of entry among potential entrants, l he disc ussion initially omits 
the possibility of firm exit from the industry. I he analysis leads to 
sufficient conditions under which entry is an increasing, convex func¬ 
tion of the industry growth rate. 

Consider an industry producing a single homogeneous product .V 
with two factors of production, capital K and labor /, All firms are 
competitive (price takers) in the product and factor markets, firms 
have rational expectations about future values of the piodutl price 
P(s) and factor prices<7(s) and W(v) (for gtoss investment and wages), 
where s is any f uture point in time. These expectations are consistent 
with the firm decisions to maximize discounted net receipts. I he dis¬ 
count rate r and the depreciation rate of capital m are constants. 

Firms have production functions that are identical and homoge¬ 
neous c»t degree one, 

x(K, /.. /) = /•■(/.. K) - ay;(y). (I) 


where gross investment / = ( dK/dt ) + wA.', the sum of net investment. 
dKIdt, and the constant cleprec iation rate of the c apital stoc k, wK I his 
specification of adjustment costs as pan of the production function 
follows Lucas (1967). F is twice continuoush dilfetentiable and 
satisfies the usual production I line lion resit tc lions that both fac tots of 
production have positive marginal products ( l\ > 0, /•, -■ 0) and 
generate the usual convex isoquants. The adjustment cost is additive, 
and it is assumed that C is twice continuouslv clif feientiable and pos¬ 
sesses a piecewise continuous third-order dei iv a- 
restricted by the condition 1 =? 0, so that n< ’ 

(negative) bound equal to the cleprec iation i 

C(0) = 0, C > 0. C" > 0. and C" > 0. I hose - 

matginal adjustment cost function is positive 

The convexity assumption is discussed belov 

sured by its capital stock, the growth tale ot 

Therefore, the argument of the (.' fuiHiuiii can m i 

+ m) when convenient. Since the cleprec iation talc of tuc i ujai.u r, 

is constant and exogenous, optimal choice of the gloss investment 

rate /(.v) by the firm is equivalent to optimal choice of its giowth late 

ff(0- 

A firm’s objective is maximization of the discounted net cash How 
from producing X (or exiting from the mchistrv, it that mncases ns 
net worth). The formal problem is to choose /(0 (or «j ' |) and /.(') lot 
f S ,i s ® to maximize 


" " ; (x) 


- U7. - (,l 


e\p(-n)c/\ (2) 
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Appendix A derives the marginal conditions for an interior op- 
tinmm: 

I>F, = W (‘^) 


and 

| l‘X K (\) exp [ — (t + >it)(s — t)\(h = I J (-' + (’■ (31p 

Kquation (3a) states that the value of the marginal product of the 
costlessly variable factor must he ecjual to its price foi a competitive 
firm. Kquation (3b) equates the discounted value of a marginal unit of 
gross investment at the current point m time I to the current cost of an 
additional unit of gross investment. I he latter is the sum of two 
components, (1) the current market price of -V limes the teduction of 
current output because of die marginal adjustment cost and (2) the 
market price of a unit of gross investment, G. VV’e follow Mussa (1977) 
in calling the left-hand side of (3b) I'k(I), the shadow (demand) price 
of capital, while we call the right-hand side the marginal cost of capi¬ 
tal. From the preceding assumptions about (\ it immediately follows 
that the marginal cost of capital is an increasing, convex function of 
gross investment / (equivalently, of the firm growth tale g). Since (he 
firms in tfiis model are scale replicas of each othet (depending on 
when they entered the industry and on entry si/e) and the firms have 
identical rational juice expectations, all firms in the industry have the 
same t\(l) and the same optimal giowth rate g + (/). Hence, the mar¬ 
ginal cost of capital for the "old" firms already in the industry is a 
function of the equilibrium growth rate of these firms,y„(g„). 

Before analy/ing entry, we jkiusc to consider more closely the as¬ 
sumption that the marginal adjustment tost function is int leasing and 
convex. To our knowledge, there is no discussion in the literature 
whether it is convex or concave, although a recent diagram bv Mussa 
(1977, j). 16(i) implicitly assumes that it is convex.’ 

In the analysis of entry, the shaj>e of the matginal adjustment cost 
function plays an important role in determining the behavior of entiy 
as industry growth becomes large. I he standaid assumjMions of pio- 
ductinn theory are not restrictive enough to answer this question, 
although the hyjJothesis of jx>siti\e, increasing, and weakly (il not 
strictly) convex adjustment costs (or costs of financial capital) seems 

t he laige lileiauuc on actjcislmc’iil costs ol him giovslh (see. e g , 1 Inlt el al 19lill, 
C.oulel 1968, headway 1969, 1*170; Socle rslrc mi 1977; Block and Sclieinkm.cn 1978) 
genet ally assumes that (he mai ginal acl|ustinen( c os( is an me leasing tunc lion ol gloss 
or net inveslmenl See Rothschild (1971) and Nickel) 1 1978, | J( > It;,-- 90 , 2.">ti-71 ) loi a 
more uilical oew None o( die published lileiature appeals in consider lhe lomestls 
or concavity ol the marginal adjustment cost tunc lion 
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plausible to us, at least (or high firm growth rates, (here are two 
dimensions to be distinguished in firm capacity expansion, (1) the 
relative si/e of the increment of capacity (at completion) to initial 
capacity and (2) the length oi time over which the expansion takes 
place. When the first component is held constant, casual observation 
provides support for the adage “haste makes waste.” New oil 
refineries, paper mills, and steel plants are examples of complex con¬ 
struction projects that are commonly staged over substantial time. 
The decision of firms to assume the interest costs accumulated in sue It 
undertakings before output is available can only be explained by the 
expectation that the cost would be still greater if the firm attempted to 
reduce the construction period. 1 ’ Kxperience with crash programs to 
expand production capacity or to achieve some technological feat 
demonsti ales costs that again seem to support the view- of accelerating 
costs as the project construction time is shortened. Simple queuing 
models can be constructed yielding the conclusion in a more formal 
way. Thus we consider weak comexits of the marginal cost function a 
reasonable hypothesis for high linn growth rales. 

We next consider potential entrants and formal conditions that 
must be satisfied to induce entry to the industry. I hoc is a pool of 
potential entrants to the industiy, consisting of new linns that would 
be formed if profitable and of existing firms that would enter it end \ 
would increase their pi event value I hese potential entinnts have the 
same price expectations and production function (I) as Inins m the 
industry. Kntiants ate distinguished from othet In ms In fixed < osts of 
entry, which are a function of the capital sto< k with 
enters, K,. Z,(K,) denotes these fixed costs lot 
Z,( 0) = 0, > 0, and > 0, at least in ill 

optimum entiy si/e. The ith potential firm i t 
stock K, and planned growth rate that maxn. 
tween expiation (2) and Z,(K,) if the different 

1 he /., for potential entrants captures both '' 
costs of entry associated with differences in spi 
dif ferences in learning costs of becoming an el lie ■ 
industry. The condition for profitable etui v is given In a c 111 u al pi u e 
of capital for the ith fit m, sue h that cun v of the In m ot < nis if the 
calculated shadow price is gieater than or equal to this value In this 
circumstance, the firm btiugs in K* units ol capital. It seems plausible 
that the density function of capital that will be hi ought into the indus¬ 
try by potential firms is a unimodal function ol the price of capital 


" Smelly speaking, the piodmtinn fuinlum in (i) do< s imt pmpi iK i apiuie nni'i 
mem pHxesses (hat go on lor moie than one time |xti<xl Ixloie the new t.ijunn i\ 
completed and able to delixer output 
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and, furthermore, that only rarely (if ever) will the shadow price of 
capital be so high that the mode of the entrant density function of 
capital is observed. 7 To obtain conclusions about the effect of industry 
growth rates tin entry, we use discrete time language and consider the 
density function of industry growth tram entrants (g,. — AV//A,)) as a 
function of l \, the shadow price of capital. Here K r , is the amount of 
capital introduced by entrants in the time interval from zero to T ; Ko 
is the total industry stock of capital at the beginning of the period. We 
denote this density function by t)>(/\). Presumably 4>(Pk) — 0 for 
s die market price of gross investment. Then the industry growth 
from entry is 

gr = M/\) = j, 4>(x)rfx. (4) 

Assuming that tj>( !\) is unimodal and that the /\’s that occur are less 
than the modal f\, it immediately follows that g r is an increasing 
convex function of /\ and that the inverse function of g,., } e (g r ), is an 
increasing, concave function of g f (see fig. 1). 

Since the shadow price of capital, P k ( t), is the same function of time 
for all old and potential firms in this model, the horizontal sum of the 
graphs of /„(g„) and j, (g t ) for the old and new firms is the graph of the 
equilibrium shadow price of capital for the firms as a function of the 
industry growth rate g x = g„ -i g,„ Hence both g x and g, are Functions 
of the parameter /\. From the last panel of hgure I, g r is an increas¬ 
ing, convex function of 'g x \that is, ifg, = n{g x ), then u > 0 and u" > 0. 

1 he last panel shows two equal-sized increments of industry growth 
cm the horizontal axis at a low and a high industry growth rate. It 
projects these two increments hack onto the entry curve and down to 
the entry axis, showing the size of the entry component in these two 
increments of industry growth. Given the curvature of the entry 
curve and of the growth curve for old firms, it is obvious that the 
entiy component of the industry growth in< rement must be larger for 
the growth inc rement at the higher growth rate. This establishes the 
convexity of g e as a function of g x . The conditions that ]„(g„) be an 
increasing, strictly convex function and that j r (g e ) be an increasing, 

t his conjecture stems trom the billowing intuitive line of argument We expect a 
positive correlation between f\ and the tiansitory profits required to offset the fixed 
entry cose, Z„ of the ,th potential entrant, liter's reflect the learning costs and quasi 
rents of specialized resources owned by the potential entrant. Historical episodes of 
exploration ten gold and oil and watlime expansion ol output by entrains illustrate the 
volume of resources that entrants wtll bring into an mdustry when irans.iory profits are 
high. But we doubt whether the shadow price of capital in a well-dchned industry ever 
becomes so high that most entrepreneurs in the economy seriously contemplate entiy 
We expect that the mode occurs at a shadow price of capital substantially afxive the 
usual range ol values taken on by this shadow price. 
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strictly concave function are obviously sufficient but not necessary to 
assure that#, is an increasing, convex function of # v 

A slight modification of the model allows for firm exit from the 
industty. Kach firm can sell its assets and dissolve or can exit from the 
industry and enter another if its present value from remaining in the 
industry (given hy eq. [2]) falls below some < ritical value. An analo¬ 
gous argument about the distribution function of capital that will he 
withdrawn from the industry if the shadow price of capital falls below 
a critical level pteserves sufficient conditions for the conclusion that 
is an increasing, convex function of # v y 

I he assumption of identical cost structure for all linns in the indus¬ 
try (1) is convenient for theoretical analysis, since I\ is then a common 
parameter for all firms, ff tfie cost-of-adjustment function differs 
between firms, it would be necessary to relate the individual adjust¬ 
ment costs to the disiutbailee generating a change in the industry's 
capital stock. 10 

I he preceding analysis of the entry-industty growth relationship 
tac itly assumes a positive industry growth rate. If the industry is con¬ 
nacting, one still expects some new firm entry will occur, replacing 
some old firms that die or exit to other industries. This “turnover" 
entry is discussed in Hause (I‘M>2). To allow for its presence in the 
empirical analysis of Section IV, we define iwo industry growth tate 
variables. We usex, to signif y the instantaneous (employment) growth 
t.tte of the industty over a peiiod if growth is positive, otherwise 


A ioriii.il pi oof that g, is an me leasing unisex i himi ion <>t l\ is sliaiglillonv n,| 
gnen the assumed pi operl.es of /,.<#„) (/„ , (>./; ()) an ,| „| h )(,; > lu 

ini|ilKit (uii< non theorem, the inverse fumiioiu#, - A„(/\)andg, - A,(P*) exist and 
nave derivatives satisfying the eondiiions A,', >0; A" < O.A) 0; and I," >0 Sunt-a ^ ,, 
/,% ‘ S( , K T‘ " ,l ' ‘ mu "T ,ion <*» »<* turn exit), we obtain the identity' <r = 
V ,2 'n ‘. K \ f 0 chain lute. weoblame/g./cfc, = /,;//,;> 

“Tb ° rhus^cs.m int teasing convex f unc non of if, 

I he extension allowing for ex,I assumes;, dens,tv (unction of capital *(/>.) that will 
be wi.hdiaw,, by exiling hi ms, dependmg on tbei, o,,,.o, uimiv cost ol ,emami„g ... .he 
r o w ' :‘o "’ C ( ," , '«" IIV< ' ) ol the mdusUV glow,I, tate due to Z . 

,\ ,S ‘' "' lyS K ,Ca,er ,han l,Ka "»" »< 'be mode of tins dens,tv f.mclion ,( 
(o lows .ha. .he lunclum Kl = h„(l \) is a d,s .easing convex turn t,o„. ,.e , h’ < 0 ,„,d h, 
1 : 7tie assumptions oil A,, 1 /*^) and h.U\) a ,c in rt. We have the identity a = „ 

1 „ B >' ,l,c 1 ha| n «ule, dg./dg, - /,;/(#; + *; - h:,) > (l and 

iunrtim t " . hA '" h ' ,)W, ' ) > 0 1 k,1 ‘c K, ' s still an me leaving comes 

turn nonet g, under on. assumptions even when exit ,s taken mu, account Hy;, similai 

argument, it can be shown that g., ts a decreasing turn lion ofg,. but its umvexils oi 
ion< aviiy is unricunmined without further assumptions. 

Another limitation ot the model is |>..tt,al eqmhhumn sumturc. What is the 
nature ot the pool ot potential em.an.s and then resume es- It the shadow ,„,ce ol 
capita ,s high enough to pioducc rapid growth ove, nun,be, of pciiods, should on, 
tXftta a change in the relative shares of mietnal expansion and entry? Il isdiffunh to 

srrzsitf; ..•» ™- 
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zero; 11 x< 2 is the absolute value of the instantaneous growth rate of the 
industry over a period if growrh is strictly negative, otherwise zero. 
These two growth variables are entered as explanatory variables in 
the regression equation for entry in the form bix'f + b 2 x'V, where 
the a’s and b 's are parameters to be estimated. Our theory implies that 
entry is an increasing function of positive growth and suggests that 
this f unction is convex. Hence we expect b\ > 0 and the exponent > 
1. We also expect b a < 0, since a high negative growth rate of the 
industry (i.e., industrial contraction) indicates low profitability and 
should discourage entry. We have no hypothesis about the exponent 
£■2 beyond a 2 > 0. 

In our theoretical framework, entry rates may also be influenced by 
interindustry differences in the characteristics of the pool of potential 
entrants and/or in the implicit costs of entry (relative to ihe costs of 
expansion by old firms). We consider briellv several categories of such 
interindustry differences, how they would affect entry, and ihe vari¬ 
ables used as empirical counterparts. 

1. The minimum size of plant required for efheient enii \ has been 
widely discussed. There are several reasons whv major economies ol 
scale are likely to retard entry. First, the number of |x>tential entie- 
preneurs possessing the capital requiiements presumable declines as 
the capital requirements increase, and the supply curve ol capital to 
them is not perfectly elastic. This consideration is especiallv televani 
for new firm entry. Second, n is plausible that larger plants incorpo¬ 
rate relatively more speciali/ed capital resources, and thcietoie the 
pool of preexisting resoutces that can be elasiu 
such industries is smaller. 1 ' 

The minimum eflie ient si/e of plant is also a 
the well-known Modigliani—Sylos T.ibini limn 
ample, in Modigliani (1(158). In this model, a i> 
above the competitive level can arise without an 
nries of scale are so gteat that an elficieui-M/cd , 
to size of the industry. Studies of enti v and indusi i \ p, 
include an explanatory variable indicating the size ol an efficient 
plant or firm relative to the industrv, based on this line ol aigument. 

In our empirical work, we include \ ai iables \ < and v t as measures of 
the absolute and relative size of efficient new plants m an mdusin. 

11 l.t-l m, .nut m, denote indusiiv emplovmem ,u units * and t 1 lie \.ti i.ihlo *. ’1"^ 

(m ,- s) if posit is c. olheissise /no 

u there is .inoiher explanation win v, m.is In- ius;.ilisil\ loiiel.ueit soils intis 
H.illse (I9(s2) aigucd that the exjx’i led htc ol small Iso I esialslnlsvil In ns- n slioiii I than 
the expecCeil life of laige (inns I leme entis mas lx’ hitch ns imliis'iies svlsne aseiatu 
hrnt size is small tx-iause sst turnover ol small turns Sms s’ aveiatce Isisss ss/s- pioh.ihK 
positively tortelaled ssiih the minmumi opliui.il emu m/ e. ihe ion, lusion lollows 
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The variable .v ;) is the logarithm of the average size of new establish¬ 
ments built by new, diversifying, and old firms already established in 
the industry. Size is measured by employment at the end of the sub¬ 
period in which the establishment was built. However, an average is 
taken of the three subperiods of data, to reduce the sampling varia¬ 
tion. This variable is intended as a crude proxy for the optimum size 
of new establishments. In previous studies, a number of unconvincing 
and extremely ad hoc proxies have been used, for example, average 
size of all firms or plants in the industry or size of plant such that 50 
percent of industry output comes from larger plants. Since entrepre¬ 
neurs building new establishments have nontrivial incentives to build 
economically viable plants, our proxy bas some appeal. 1 ' We expect 
this variable to be negatively correlated with entry. We use x.) to sig¬ 
nify die si/e of an efficient new plant relative to 1968 industry em¬ 
ployment. It is measured by the logarithm of the latio of an efficient- 
si/ed new plant (as defined in the preceding paragraph) to 1968 
industry employment. Large values of this variable indicate that an 
industry is not large enough to contain many optitnuin-si/.e new 
plants. If Modigliani’s argument is relevant for our data, one expects 
a negative relationship between entty and 

-• ( bn model of the entry-growth relationship is essentially com¬ 
petitive and abstracts from strategic firm behavior when significant 
long-term monopoly power exists in the industry. Since monopoly 
power implies the inability to restrict industry output, the existence of 
long-term monopoly power will presumably he associated with less 
entry almost by definition. An unusual variable is available as an 
indicator of monopoly for this study. The variable x, is a dummy 
variable with a value of one it the industry has a significant registered 


,i,„ , ,; t ,ww cs, ^‘^nis bwi, h Y „<■* i,,,,,,. 

. ' ’ "Id Inins alicady established the induce. For mdusine, 

; ' i r lbt *'»“<■<" he- made. A. < A, 23 „ut „f 24 times, and A„ < A, 30 „| 

Aj < l ']."‘ , " v 1:1 om " l 22 times. 1 hese hading, provide strong evidence 
l ac new him establish,wins aie relatively small. the con,pans,*, of 1, and A 

p ovides much less evidence of a capn.il constraint lor diversifying firms relaine to old 
sandar.Td y ,or 'he cons, met,mi of new plants, i he table of means and 

of I S n ! ' "'r ‘1 ' T , . a ," ns ot ,l,c<ie ' ,v, ‘ la ge sues across industries a, the end 
of this note provides furlliei evidence. A lather ingenious way of measuring minimum 
optimum sue. based on multiple establishment da,a of old I,,„„ j„ ,)w inch, sue wa, 

eranonTZslmb ^ ° ^ ‘ '“' S M "« r ' ,k,n ™ «** '<>, consid- 



Mean 

Standard Deviation 

log (.4 ,,//!„) 

1 20 

.71 

log (.4,/.4„) 

1.48 

.88 

log (AJA,,) 

29 
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cartel agreement, otherwise zero. This classification of industries is 
reported in Carling ( 1968 ). With one exception these cartel agree¬ 
ments were made well before the beginning of the sample period in 
1954 . Consequently we interpret this variable as an indicator of a 
durable noncompetitive element in the market and expect it to be 
negatively associated with entry. The appropriate causal inteipreta- 
tion of this variable (or f or any vaiiable indicating monopoly power) is 
unclear. The presence of a durable cartel agreement might indie ate 
deliberate cartel policies to retard entry. But it could also be a pioxv 
indicating the presence of other unmeasured obstacles to entry, and 
these obstacles might lie a necessary condition for the long-term via- 
bility of the cartel. 

It seems plausible that entry will play an especially important role in 
industries experiencing rapid technological change or selling new 
products. Some calculations not reported in tins studs were carried 
out with very crude proxy variables repiesentmg these factors. 1 liese 
calculations provide some statistic al suppot t foi this conjecture. Some 
of these results are published in I)u Riet/ (1980). We think this topic is 
an interesting one that deserves further theoretical and einpnical 
study. 

IV. Econometric Specification and Estimation of 
New Firm Entry 

The empirical analysis is restricted to a single-equation reduc rd foi in 
We discuss the specification of this equation, the data used ui the 
analysis, and the results from estimating hnninsud 
scedastic versions of the equation. 

Entry is measured empiiicallv In the lain, 
firms at the end of a period to total lndm 
beginning of the petiod, unless othetwiv 
equation regression model is 

y = />„ + b ,x','' + h .x'y -> ^ h \ 

t - S 

In this equation, y is the vector of 117 observations ft mu m.undue - 
luring industries (most of the plastic s, basic metals, and engineei mg 


1 ‘lupin (rinplinmi ni) iikmsuics ol ciitn ami ul l111- imlusii \ ipnnili t ,iii- .nr ci-i <t 
since I hey l educe f tic statistical noise liom absolute and ie!ame pine < han^c s (h.i T 
would occur if nominal output mcasutes. such as sales m \alue added, weie used Most 
empirical studies of entiv ha\e ineasuied eniix bv theiaiioof new to old turns c\»ept 
for llause (1902) and Du Rietz(l97f>. 19<S0) We pule i oiu nuasme.isan unlit.uni ol 
the direct quantitative impoi lance ol entrv. since new hi ms .neon ,i\ei.u»e much 
smaller than existing hi ms. 
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industries in Sweden) for the three periods 1954-58, 1959-63, and 
1964-68. The independent variables have been defined in the pre¬ 
ceding section. 1 hey include positive industry growth rates of em¬ 
ployment, .v,; absolute value of negative industry growth rates of em¬ 
ployment, v L »; log of average employment of newly constructed plants 
(indicator of efficient si/e of new plants), x t ; log of ratio of x* to 1968 
industry employment (indicator of relative si/.e of efficient new plant), 
x,; and a dummy variable for industries with significant cartel agree¬ 
ments (indicator of monopoly power), x-,. 

The disturbance term, u, in equation (5) is assumed independently 
and normally distributed. I'vvo alternative specifications are consid¬ 
ered. In the first, the variance of u is assumed constant. In the second, 
we adopt the model of multiplicative heteroscedasiicily proposed by 
Hat vey (1976). This model assumes that the variance of each obsei va- 
lion is 


(T„ ~ exp (z'c). (6) 

In (6), z, is a vector of observed variables related to the till observation 
and c is a cot responding vector of parameters to be estimated. In 
cross-sectional inclustiy studies, outlying obsei rations that greatly ul- 
fect the least-squates fitting ate often obsei ved. 1 he residuals from 
these outliets are often so large that they make the distributional 
assumptions of independently and identically distiihuted normal er¬ 
rors untenable. Harvey’s model is an appealing specification. It as¬ 
sumes that (he intrinsic variability .d the dependent variable is a func¬ 
tion of obsei cable characteristics of each observation. Kurthet more, 
those charactciistK.s associated with high vaiiability may be ol sub¬ 
stantive economic interest. In this study, we consider for z a two- 
vanable subset of the x variables that explain the mean part of the 
model. 1 hese variables include positive inclustiy growth. X|, and new 
plant optimum si/e, v,. Industi it s ex|xriencing high growth rates are 
plausibly associated with stochastically noisier environments than 
those with low giowth. Our entry measure has a lowci hound „f /eio 
and we expect that the variance ol entry will be positively cot .elated 
with us level. The optimum si/.e of new plants should he negatively 
correlated with new firm entry, and so small values loi x, ate likely to 
be associated with froth high entry and high valiante. The 
specification of the varianc e in Hat vey s model has some pitfalls for 
the unwary and is discussed further in Appendix B. 

Ihe results of the first two regression equations are repotted in 
table 1. i hey indicate that OI.S and the I la. vey hetcmscedastic model 
yield qualitatively similar results, since variable parameteis have iden- 
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i' Ail regression coefficients have the 
u<al signs in both .egressions ^ ^ dust rowlh ra(e (*,) is 

theoretically expected signs- A P° S, ‘ 1V ™ ^ lls , ry gr „wth rate 
■rvsoriiled with hitrher entry rates- A negati e “ * 

(Threat: in the minimum eflkient size of new encashments 
x h and the existence of a significant registered cartel agreement (x, 
are all associated with a lower .ate of entry. Minimum efficient sue of 
new plant relative to industry employment, x,, has the predicted nega¬ 
tive sign, but it is trivial in si/e and statistical significance. Hence these 
data provide no support for the Modigliani—Sylos Labini model of 
relative plant si/e barriers to entry. 

Both regressions 1 and 2 qualitatively support the hypothesis that 
entry is an increasing, convex function ol the industry growth, since 
die point estimates of b\ > 0 and the point estimates of the exponen¬ 
tial parameter «, > 1. The asymptotic /-value for the null hypothesis 
that c/, = 1 is 2.8 in the Ol.S regression 1, while the corresponding /- 
value in the heteioscedastic regression 2 is more modest, 1.22, just 
short of the 10 percent significance level for a one-tailed test. I hree 
comments should he made on these statistical results. Hist, the data 
strongly reject the OLS hypothesis of liomoscedasticily, and so statisti¬ 
cal inference should he based on regression 2, not regression 1. 1 his 
issue is discussed below. Second, the lower /-value for the null hy¬ 
pothesis ct, = l m regression 2 is probably a consequence of using 
industry growth (xj) as an explanatory variable of the heteroscedasiic¬ 
ily in tfie Harvey model. Third, it is difficult to obtain a sharp test of 
the convexity of the entry lu net ion because of the extremely high 
sampling correlation ( - .990) between the linear growth parameter b, 
and the exponential growth parameter «|. This correlation is a conse¬ 
quence of trying to allocate the effect of X| on entry through two 
distinct parameters and is analogous to severe multicollinearily. Given 
this statistical problem, we consider that regression 2 provides rea¬ 
sonable if modest support for the convexity hypothesis. The small /- 
value for b t also stems from this correlation and does not imply thatX) 
is a statistically insignificant explanatory variable."’ 


l his similarity ol pai.imcici signs loi I he two regressions is nol surprising 1 lie 
mean pail ol Harvey's tcgiession model is ecpiivalenl lo a weighted least-squares le- 
gression wilh weights (l/a„) l/5 , obtained try using the variance parameter estimates from 
Harvey's model Unless the weights are very different, the coeltic ients obtained by OLS 
and weighted least squares usually have tilt- same sign. 

Regression 3 repoits the results it the giowth tales aie entered linearly. Since no 
exponential parameter competes with the linear parameter fq tor transmitting the 
effect of on the entry rale, the parameter b, is statistically significant m this regtes- 
sion. Allowing for convexity improves the overall regression fit vety little. I he log of 
the likelihood tat to of regressions 3 and 2 tunes 2 is 1.64, which is asymptotic ally 
distributed x* with I c//. Hence the hypothesis of a linear relationship of growth on 
entry is rejected at the 22 percent level. However, the relevant hypothesis is whether «, 
> I, not the two-tailed lest whether ci, y* I Hence, the relevant significance level is 
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Although the signs of estimated parameters are identical in regres¬ 
sions 1 and 2, there are substantial discrepancies both in the mag¬ 
nitudes of some parameters and in their calculated /-values. 1 he pa¬ 
rameter estimates often differ by a factor of 1.5. The cartel dummy x-, 
has a significant negative relationship with entry by conventional stan¬ 
dards in the Harvey model, but not in OIS, and the OI.S /-value for 
the exponential coefficient, a t , exaggerates the statistical importance 
of this parameter. 

The data overwhelmingly reject the assumption of homoscedastic- 
ity, the hypothesis underlying the OI.S calculation of regression I. 
The log of the likelihood ratio of the restricted regression I to the 
unrestricted regression 2 times -2 is 40. 4 his statistic has a x 2 distri¬ 
bution with 2 degrees of freedom under the null hypothesis, and 
hence the null hypothesis is decisively rejected. This implies that the 
estimates and statistical inferences based on OI.S regression 1 are 
completely unacceptable. 

The relationship between regressions 1 and 2 tan best be under¬ 
stood by recalling that the mean part of the Harvey model is equiva¬ 
lent to a weighted regression. The weights are equal to the reciprocal 
of the estimated standard deviation for each observation, using the 
parameters obtained for the variance part of the model. 1 he 
coefficient of variation of the weights is .62, and the ratio of the 
largest to smallest weight is about 24. These summarv statistic s on the 
weights indicate that the appropriate heteroscedastic weights depart 
substantially from the uniform weighting ol the OI S lemession and 
explain why these regressions differ. Closer inspe< ' 
reveals that the parameters of each variable th 
mean and variance part of the regression hav 
implies that the variance of entry is jxisitivelv co.. 
of entry. The correlation of the weights with tin 
entry rate is -.68, while the correlation ol il 
entry is —.42. These large correlations confirm t: 
of the Harvey model in reducing the imponaiue ol 1 . 
rate observations in the regression. 

These results indicate that inference based on OI.S with cross- 
sectional industry data is hazardous and tan be extremelv misleading 
in the absence of a proper test of hoinostedasticitv. Failure to toi led 
for severe heteroscedasticitv tan thoroughlv vitiate the statistical ic- 
sults of an otherwise well-executed empiiical stuck. 

We therefore restrict funher quantitative discussion ol the paiume- 
ter estimates to the Harvev regression 2. The size ol the effect ol 


aboul II |>eKent I'his result is vert close loomdiiecl test ol <i, ■ I In u > .i\c hi|>i«mk 
value in regression 2 
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optimum new plant sue on entry implied by the parameter of x :< is 
substantial. Since the log of this variable was used in the regression, 
the coefficient indicates that a doubling of the si/e leads to an ex¬ 
pected reduction in the annual entry rate of about — 1.3 percentage 
points. The /-value for this coefficient is rather high, about 4, The 
presence ol a strong cartel agreement (x-,) is associated with a reduc¬ 
tion of the entry rate by 0.7 percent, an empirically modest amount, 
but statistically significant (5 percent level). The proper causal inter¬ 
pretation of this correlation is unclear. Do cartels make entry more 
difficult, or does the lack of entry facilitate cartels? 

What happens if entry is measured by the ratio of new to initial 
numbers of firms instead of the ratio of new firm employment to 
initial industry employment? Regressions 4 and 5 are the 
counterparts of regressions 1 and 2 in table 2, using ibis alternative 
measure of entry. This entry measure behaves somewhat erratically 
and has a larger coefficient ol variation than the employee entry 
measure. Kven so, there is qualitative .similarity of these new regres¬ 
sions with 1 and 2. Homoscedasticiiy is again emphatically rejected, 
since -2 times the log likelihood ratio lias a value of 40, and the 
statistic is asymptotically with 2 degrees of freedom under the 
hypothesis ol homoscedasticity. We theietore limit our discussion to a 
comparison of the heteroscedastic regiessions 5 and 2. 

All parameters in these two regressions have the same sign, exiept 
the trivially small and statistically insignificant coefficient of v,. T he 
magnitude of the convexity (exponential) parameter a, is about 25 
percent smaller but gives slightly more statistical suppoii to the hy¬ 
pothesis that «i > 1. The statistical support for the significance of x, is 
much weaker, but the statistical significance of the negative associa¬ 
tion of cartel agreements and entry is much stronger. These differ¬ 
ences are partially accounted foi by the smaller effect that has in 
determining the heteroscedasticity in 5, which in turn alters the obser¬ 
vation weights in determining the mean part of the regression. Al¬ 
though both definitions of entry lead to similar patterns of results we 
have greater confidence in the former, based on employment of new 
firms. 

In summary, these results certainly suggest responsiveness ol new 
turn entrants to changes in costs and returns, whic h provides some 
evidence supporting belief in the importance of potential competi¬ 
tion 1 here is strong statistical evidence that new firm entry is posi¬ 
tively related to industry growth. There is more modest statistical 
support for the conclusion that entry is a convex function of growth 
in this sample. 

1 he average si/.e of new plants built in an industry seems to be a 
sensible indicator of the si/e of resource commitment required for 
entry. I his variable has a strong negative association with new firm 
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entry. There is also significant support for concluding that monopoly 
power (as indicated by cartel agreements) has a negative association 
with entry. 'The causal basis of this relationship is undetermined. 

Finally, our statistical work indicates the great importance of exam¬ 
ining cross-section industry data for heteroscedasticity and taking it 
into account before attempting statistical inference (or estimation). 
Otherwise, one is likely to draw ill-founded conclusions. We have far 
more confidence in the results from Matvey’s heteroscedastic model 
than from the OLS calculations. However, our experience suggests 
that Harvey’s model is a delicate one, requiring careful specification. 
The development of more robust models for dealing with heterosce¬ 
dasticity will be important for more reliable empirical conclusions. 


Appendix A 

Dynamic Optimization by a Competitive Firm 1 ' 

The firm’s objective is maximization of the present value of us cash flow: 


[1>X(K, L, I ) - U7, - <;i] e ~’'ds. (All 


The production function incotpoiates costs of adjustment of the capital 
stock as given by (1) in the mam text, X(K, L, 1 1 - /■(/., X) K(.(l K |. I lie 
firm has rational expectations about the product price /’ and factor puces IV 
and G. These pi ices tnav vat v with time. I lie const taints are the fit m s c apual 
slock at I (A'[/] = A',), the gross and net investment identitv (A - / m A’, 
where m is the exogenous deprec tat ton rate), and the houndarv c onditions i A 
L > 0). The firm chooses /.(,t) and /(<)(/< c • '*) nia\iiin/e i A1 1 \\V adopt 
the Hamiltonian approach for solving dm problem 
I he c in tent value Hamiltonian is 


//(A'. /.) = /' 


KK. I.) 



IV/ 


Necessatv conditions for a maximum include 


<W 

a/ 


= o. 


so 


(» r A 


-XlL. -= 0, so (/'/•', - n ) n. 
d/. 

A — - —7— + »A, so X — () 4- tn)X — /*(/•* + --— — ( )- 'ini 

iik \ X 

lim \{T)e ~ tl ~ 0 (tians\eisaht\ iniiditinii with r h«»n/oii), hm 
/ ** 


k I mK 


iv ) 


17 Ken Hendricks kindh supplied the details of ihr tnllowiiu* anal\si> iih hiding the 
distinction between the Hamiltonian and taliulus of vaiutioii' t<uimilations the 
problem. 
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The costate equation is 

\ - (r + m)\ = j (t) = 




= -PX K . 

The foi trial solution to the costate equation is 

d[Ke' (r * m>l ] _ m ) e ~< r+ "'>'. 


(A3) 


(A4) 


Integrating (A4) from I to letting T approach anti using the transver- 
sality condition (tv) yields 


Ml) = 


PX K e'' + "' )[ ' Vs 


(A5) 


= PC + G 


(It out the necessary marginal condition [i)) The last pair of equations and 
equation (it) are the marginal conditions foi the optimum tiled in the main 
text. 

If one adopts the calculus of variations approath and uses K{s) as a control 
variable instead ol /(c), one obtains the marginal condition 


£ (PX K - Gm)e' ,{y ' n di PC + G. (A6) 

F.t|ua(ions (A5) and (Ati) look slightly dilfeient but are both correct and 
make economic sense when one considers the difference between gross and 
net investment. But the interpretation ol (A5) is perhaps mote immediately 
obvious. 


Appendix B 

A Note on Correcting Heteroscedasticity with Harvey’s Model 18 

Harvey's heierosc edastic model (197f>) allows the vat tance of each observation 
to depend on observation-specific variables, by assuming the tth observation is 
disti ibmed: 

v,- /V[x,’b, exp (z’c)] (Bl) 

In this model, x, and z, are m x I and p x 1 vectors of observed covanates 
determining the mean and variance of y„ respectively. They may contain 
identical, distinct, or overlapping sets ol variables. MI, estimates of ihe jia- 
rameter vectors b and c may be estimated iteratively I mm the equations 

6 = (X'V 'X) ‘X'V 'y (B2) 

and 


(l,i - t)'Z = 0 /( . 


(B3) 


18 See Godfrey (1978), Breusch and Pagan (1979), Carroll and Kuppeil (1982), and 
Ka<> (1983) for further discussion of die model. 
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V in (B2) is the n X n diagonal matrix with tth entry exp (z,c), the parametric 
estimate of the variance of y,. Hence (B2) is the familiar Wl.S estimator, with 
weights determined by the estimated variances of the individual In (B3), 1„ 
is the n x 1 vector of ones, 0^ the p x I vector of zeroes, and Z the n x p 
observation matrix of the z's; r is an n x 1 vector with till entry [ijVexp (z,c)], 
with c, the residual of y,. (Consistent initial estimates of b are obtained from 
Ol.S regression of y on x. (Consistent initial estimates of c are obtained fiotn 
OLS regression of log (s 2 ) on z, where i 2 is the squared tesidual fiom the 
preceding calculation. 

The covariance matrices for the estimated b and c parameters are 

var (6) = (X’V'X) 1 (B4) 

and 

var (c) = 2(Z'Z)~ (B5) 

Equation (B4) is the usual WI.S covariance matrix lor ihe b parametets 
Equation (B5) shows that the asymptotic covariance tnatiix of the estimated c 
parameters depends only on the observed z's, and not on any parameters of 
the model. 1'his last relationship reveals a delect ol Harvevs model It as¬ 
sumes that the specification ol the individual vauances in (B2) is cxaiilv 
correct. In OLS, we assume that the residual subsumes misspec ilication. and 
the size ol the variance is another parameter to lie estimated Haivevs mixlel 
has no scale parameter in the vanance part of the mixlel (B2). to allow loi 
similar misspeciftcatton. This delect may he impoitant when mleience on 
specific parameters of c is an issue. 1 his problem seems to have been ignoied 
m the published literature on Harvevs model 

There is a pitfall ill using Harvey's mixlel analogous to a piohlem that 
arises when severely heteroscedastii data are tincorrected m an Ol S icgies- 
siott analysis. With small or moderate size samples. Ol.S estimation and mini • 
ence can be unduly influenced bv a few extreme ohsetcations with v< i v l.n gc 
residuals. Similar)v. in Hatvey's model, observations vieldm • 
uals can greatly influence the estimates of the c p.n 
valions in turn will tend to fie given much weight 
Thus, in one specification not lepoiled above, a vai 
mean and variance parts of the mixlel welded p.u 
surdly large Lvalues ( — 7.3 and - lb), (liven the i" 
liers" in the weights from Haivev model estimate 
reporting of the coefficient of saltation of the wn 
innim to minimum weight. 

Despite this potential delicacy of the Halves mode I. w. 
major improvement over Ol.S calculations with no test lm nrtcio« t o.i'i a ,n 
The LR test decisively lejects homoscedasticitv in this studs. and we hnd lai ge 
differences m the OLS and Harvev estimates of the b (mean) patameteis and 
their nominal statistical significance. Heterosc edastic its is a set ions piohltm 
in many cross-sectional industiv studies Failure to iccogmze the piohlem oi 
to take it approptlatelv into account leaves all statistical estimate's and In- 
pothesis testing at great risk 
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Job Matching with Finite Horizon and 
Risk Aversion 
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1 he consequent es of introducing iisk-averse workeis with a known, 
finite retirement age into a simple job-matching framework aie ex¬ 
plored. l he |ob-mat( liing model int hides iwojobs. In the “primary" 
job, workeis and In ms learn about the worker's productivity by ob¬ 
serving his output ovei lime. In the “secondary” job, productivity of 
any woi ker is known with certainty at the outset. Workers start oil in 
the piimary job but, based on their observed perlormante, may 
t hoose to swttt h to the secondai y job. The model is developed m two 
stages. First, the finite retirement age is introduced while lhe usual 
assumption of lisk-neuiral woikers is retained. In this model it is 
shown that all workers who achieve at least a cettain cumulative 
output tecord, denoted /*, by a certain age, denotetl will thereaf¬ 
ter tetnain in the piunaiy job until lelireinent. Those who do not 
achieve i* by age 7’switch to the secondary job at or before age T and 
remain there. Second, risk aversion is introduced along with finite 
relitement age. Here the turnover aspects of the equilibrium are 
similar to the risk-neutral case, but firms provide workers with wage 
insurance. This takes the foi m of wages that are downward rigid. As 
a result, it tnay be optimal ex ante for workers to delegate the job 
c hoice decision to the employer, and, ex (lost, not all separations will 
be voluntary I or the worket. 


We arc indebted to 'Human Bcwley, J Michael Harrison, James Heckman, Bengt 
Holmstrom. Paul Milgrom. Ruk Miller, Kugei Myerson, Paul PHeidetcr, Iwo anony¬ 
mous referees, and participants of the Tnccrtainty Worksho|>, (Graduate Scliool of 
Business, University ol Chicago, for very helpful input. Suppoit from lhe National 
Science Foundation is gratefully acknowledged. 
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The job-matching literature has generally focused on models in which 
workers are infinitely lived and risk neutral (e.g., Mortensen 1978; 
Jovanovic 1979; Viscusi 1979). In this paper we explore the conse¬ 
quences of reversing these two assumptions. First we consider a sim¬ 
ple job-matching framework with risk-neutral workers who have a 
known, finite retirement age. Second we analyze the same framework 
but assume workers are risk averse. The results are considerably dif¬ 
ferent from those of conventional job-matching models, as will l>e 
discussed after a brief description of the models. 

The basic job-matching framework is as follows. Workers may 
select one of two “jobs,” which we will refer to as the “primal y" job 
(since workers will be assumed to try this one first) and the '“second¬ 
ary” job. Workers are heterogeneous with respect to their productiv¬ 
ity in the primary job. Both workers and firms are assumed to be 
unsure of any given worker’s productivity in the primary job, but the 
productivity of all workers in the secondary job is common knowl¬ 
edge. Output in the primary job is random, but its distribution de¬ 
pends on the worker’s true productivity in that job. In particular, 
output is assumed to follow a Poisson arrival process in which the 
average arrival rate is equal to the worker’s true produclivitv. Both 
workers and firms update their beliefs alxiui the worker’s piotluctis- 
ity by observing his output in the primary job over time. Wages un¬ 
determined by a zero-expected-profit condition on the tisk-ueutial 
firms. In the secondary job, this implies that wages equal (known) 
productivity. Given the way productivity estimates, and heme wage*, 
will evolve stochastically in the primary job, wniG-'- 
each age, which job to select (moving bet wee-' 
possible but costly). This basic job-matching -- 
two models. 

Initially (in Sec. II) we retain the stand.to 
neutral workers and explore in detail the cll< 
workers have the same, exogenous, deteiimii. 
age. Under risk neutrality, each worker cuticiiiK m 
chooses whether to switch jobs at each age so as to imsmna ms 
expected wealth. It will be shown that once a winker selects the- sec¬ 
ondary job, he never returns to the primalv job. Woikeis with 
sufficiently favorable records will choose to remain in the primal v job 
for the rest of their career, irrespective of their future pet foi mam e. 
Others will be forced by circumstances (e g., their poor perfuun.uue 

1 The problem ot a workei in ihoosiux a |ub i\ siniil.u to ihr I wo ,nmol B.tndti 
problem first discussed in (he economics litei.iltne In Roilisc Inlet 1 1‘.*7 I) I Ins l.u I mil 
be used below. 
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record) to switch to the secondary job. Because of risk neutrality of 
workers, the firm does not provide insurance and is not bound to 
retain any worker whose expected contribution to the firm’s profits is 
negative. Wages at each instant are equal to the perceived marginal 
productivity of the worker, where perceptions are determined by the 
observed cumulative output record, r. 

The main result is that there exists an increasing sequence of “op¬ 
timal stopping times,” I(r), r = 0, 1,2, ... , where l(r) is the longest a 
worker with record r wotdd remain in the primary job. Moreover, we 
show that there is some finite i* such that I = t(r* - 1) < A and t(r) 
= A for all r r*, where A is retirement age. That is, workers in the 
primary job with record r* - 1 at age T will switch to the secondary 
job while those with records of r* or better will never switch. Intui¬ 
tively, once a worker achieves a record of >*, even if his record there¬ 
after is poor, his perceived productivity does not decline as fast as his 
moving costs increase due to the finite lifetime. In the primary job, a 
worker’s wages may fluctuate both up and down as his productivity 
estimate is revised, and, of course, a worker may choose to switch to 
the secondary job before T. 


In contrast to Jovanovic (1970), who deals with the case in which 
inhumation is fiitn (or match) specific, our model analyzes the case in 
which information is worker specific. Therefore, as in Viscusi (1979), 
a worker whose productivity in the primary sector is revealed to be¬ 
low will turn to an alternative sector (i.e., to a different stochastic 


process) rather than sample again from the same process. Our model 
is thei efore applicable to the empirical analysis ot interindustry move¬ 
ments in the lahot market. It suggests that if a worker can choose 
between an occupation in which experimentation is important and an 
occupation in which skills are quickly revealed, he will initially choose 
the risky occupation (or never try it). Mobility will be from the risky 
occupation into the less risky one. The age pattern of mobility Hows is 
similar to the m/mindustry pattern discussed by Jovanovic. As the 
worker becomes older, he is less likely to move.' The reasons are. 
however, somewhat different in the two models. In Jovanovic, as the 
match continues, the worker becomes more ceitain of its quality. 
I hits given that the worker is still with the linn, the probability of 
extreme (low) values declines, and quitting is less likely. In our model, 
the worker has a finite life, which implies that mobility also declines 
with age given tenure with the firm. This prediction is supported by 
the findings of Jovanovic and Mincer (1978) from the Michigan In¬ 
come Dynamics Survey. 


I he turnover patterns produced by out model are similar to those 
observed in many industries, especially academia (indeed we will refer 
to r* as the tenure standard and V as the up-or-out age in the sequel). 
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Thus this simple job-matching model with finite retirement age can 
rationalize some of the turnover aspects of the academic labor mar¬ 
ket. It should be noted, however, that in this model “tenure” provides 
no wage insurance, and all separations are completely voluntary. In 
this sense, the employment contract does not bind the firm or the 
worker. In observed contracts, however, firms are obliged to retain 
some workers at wages such that their net contribution is negative, 
and some workers are obliged to leave when, ex post, they would 
prefer not to. The lack of insurance is clearly related to the assump¬ 
tion of risk-neutral workers, which also accounts for the fact that 
separations are voluntary. This leads us to explore the consequences 
of introducing worker risk aversion. 2 

In the second part of the paper, workers are risk averse and have 
no access to the capital market. 1 The model is very similar to those of 
Freeman (1977), Weiss (1981), and Harris and Holmstrom (1982). In 
those models, however, the worker's output process is independent of 
his job; that is, all jobs are identical and there is no endogenous 
turnover. In out model, employment and salary strategies are derived 
from the maximization of the worker's expected utility given the ex¬ 
pected profits of the firm (we retain the assumption that firms are risk 
neutral). The behavior of wages in this case reflects the desire of 
workers to smooth consumption over time and across different real¬ 
izations of the output process. Wages do not alwavs follow pioducliv- 
ity, and, in particular, a worker who is retained bv the Inin vs ill not 
suffer a reduction in wages just because his output lecord is not 
favorable. (Freeman 119771, Weiss [ 1981 ]. and Hams 1 " 1 
[1982] also obtain this result, but not in a |ol> " 
result of this wage rigidity, a worker mav cle 
even though his expected prodmlivtty (as n 
below his productivilv elsewhere, lo in 
inefficiencies, the worker agrees, ex ante, to < 


1 1 heir art, ol (mil sc, mans * ulu'i as|,t( is ,,| olisi i sol n a 
not (a pi u red 111 our simple inode) ) or example, it is ohm '••id ■’ 

freedom ol expression and that it allows one to put sue nskiti km ,mli agendas imc 
Akluan 1977) Moieovet. we have ignoicd moial ha/aid, hieiau hi* - ,md etN t in 
let ac(ions .k t oss woi kei s It mav also He said that 1 1 ecjiieiuh whe n one is di nitd n nutc. 
he moves lo a position dial is not quaiilalivclv dilteieni limn the previous position 
l ilts is not (he case in our model Yel we Ixdievr lhai out |ol>-m.tU him; h uiuwoik 
answeis a Husk question alxmt lenuie. namelx. wh\ do |x*op)e with lelativrlv [xmr 
I ci oids leave instead ol sitnplv having (heir salat \ i educed? Iheanswci muslsiitclv l>e 
lhai the poor iccoid is evidence that die wotket is mote pioduuive ilsiwheic 

s When workeis ate tisk neulial and then subjective diMounf t.tte equals the nuiko 
interest talc, (hcv are indifferent not onl\ among distt ihutious ol consumption at loss 
states Hut also at loss pet tods. In this case, access to the capital m.ukci is it telex ant 
When workers ate nsk averse, i.e , their |K*iiod uitltix iuiuiiou is concave, access to the 
capital maikcl malleis. 
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decision to the firm (subject to the constraint that the decision max¬ 
imize the ex ante expected utility of the worker). For certain realiza¬ 
tions of the output process, termination of employment will not be 
voluntary on the part of the worker. That is, while it is optimal to 
agree ex ante to leave in certain situations in order to receive a higher 
current wage, leaving may not be ex post optimal for the worker once 
the situation is realized. It is in this sense that the model with risk- 
averse workers exhibits involuntary separations. 

A worker in this model obtains tenure if for any future realization 
of the output sequence the optimal strategy is to retain him. We again 
show that a tenure standard r* exists; that is, a worker who achieves r* 
is assured of being retained thereafter. An up-or-out age T also exists 
in the sense that employment is never terminated later than that age. 
Contrary to the case of risk neutrality, however, some workers may 
achieve tenure without attaining r* by age T. Finally, we consider 
some efficiency implications of the model with risk-averse workers. 
We show that workers may stay in their current job even when it 
would be socially optimal to switch. The intuition for this has to do 
with risk aversion and is spelled out in Section III. 


II. A Model with Risk-Neutral Workers 

Model Description 

The model is composed of mativ employers and many workers. 
There are two mutually exclusive jobs. These may be thought of as 
being in the same or different firms. 

A worker in the primary job is assumed to produce either zero or 
one unit of output at each age, which the firm tan then market at a 
fixed price (which we normalize to one). All workers are assumed to 
have a finite working life of length A Workers are homogeneous 
except that some have a high expected output per unit time </// at any 
given age while others have a low expected output per unit time (jr at 
any given age. Naturally, we assume 0 q, < q H . The output in the 
primary job of a worker of productivity q G {q t , q H } is assumed to 
follow a Poisson process with parameter </. 

In a Poisson process, time (really time in process or “age” in this 
model) is viewed as continuous. At any age a G [0, A], the probability 
that a worker of type q will have produced a cumulative output of ft,, 
= r units is Pr(ft„ = r\q) = e ~ qa (qa) r /r ! for r = 0, 1 ,.... As mentioned 
above, q may be interpreted as the expected output per unit of time. 

No one, including the worker himself, knows the productivity of 
any given worker. A priori, each worker is believed by everyone to 
have low productivity with probability it independently of any other 
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worker (0 < n < 1). Beliefs about a given worker of age a > 0 are 
assumed to be formed according to Bayes’s rule, given the worker's 
age, a , and his pattern of outputs at ages prior to a. It is easy to show 
that cumulative output r (for “record") is a sufficient statistic for the 
complete pattern of previous outputs (see, e.g., DeGroot 1970, exer¬ 
cise 1, pp. 183-84). Thus the posterior probability that any given 
worker of characteristics (a, r) (i.e., age a, record r) has low productiv¬ 
ity, qi is 


ir(tf, r) = IT(</ = <// |W„ = r) = 


< 7 / 


‘q’l + (1 - Tt )C l""q'„ 


( 1 ) 


for any («, r) E C = (0, A] x Z (Z is the set of natural numbers, 0, 1, 
2, . . .). We will call C the set of feasible chaiacteristics of workers 
Thus the expec ted productivity of a worker (a, r) E ('. is given hy 


q(a, r ) = <//-7T(«, r) + q,,\ 1 - ir(c/, /)]. (2) 

From (1), it follows that -n is strictly increasing in a for given r and 
strictly decreasing in r for given a. Thus from (2). q is stiictlv dec revis¬ 
ing in a for given r and strictly increasing in > lot given a . 1 

Firms are assumed to be risk neutral and the labor market is as¬ 
sumed to be competitive. This implies that, in equilibrium, hi ms will 
make zero expected profits. Since in this model worked s are also nsk 
neutral, we can assume, without loss of generalitv. that wages in the 
primary job are ecpial to perceived expec ted produc ttv im - ■ •' 

Productivity in the secondary job is assumed i<> ’ 
taituy to be W per unit of time for everv woi ki 
and any record he may have in the primaiv )<• 
job can be assumed, without loss of generalitv 
salary of W per unit of time until retiiemcni 
worker must decide only whether to select tin 
job at that age. Switc lung from the primary job t 
any age a > 0 is assumed to involve a once-aiid-loi .ill , 

A worker of age a = (I may choose either job at no cost. Switching 
from the secondary job to the primary job is assumed to be free, 
however, it is easv to show that no worker will take advantage of this 
option. First suppose that there are no moving costs In deciding 


1 These statements aie cmux l only it y# 0 It./, — <1. ilic-n v<«. awl </(>> m haw 
the properties mentioned, hut t) s <> .md y) =* q H ini .im a .uni » * l 

r ’ I'he lei in “moving” cost should not Ik* taken too litciaih 1 he tost K is meant t*» 
reflect all soils of iiiueimbuiscd costs, monetary and ps\« hologual, tmasioned h\ the 
switch in career. To the extent that duett tinning expenses aie minimised 1>\ the no» 
employer in lieu of higher wages, these af e iih luded in A In a more genet al model, one 
might assume that such costs iik reave with age 01 tenuiem the him Lett mg A" uu lease 
with a in the model would not affect the qualitative iexults hut would tend to reduce the 
cquilibnum up-or-out age. 
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1 irinnrv or secondly job at any age, a ho, k„ 
whether to < boost- the P" ‘ . ^limnal mtonmhon abo,„ 

,Z A tk off Ibe brne/i» '<> *«' it over the next m,» 

nlUSt , L in the primary job b} [>»> ' f ^ ifl 

bis pnK 1 ! ,gainst flic additional tunt J /J, •, M7ia//( , 

«»»*■ f j 1 " )|H se. if 111** 7 7 M „ not choose the 

-. 5 ? ■» - •» 


His 


lflH , inim w* 

seconds 

than the — .... 

former al that age). Suppose 

instant Intel, assuming hi f,K : ()/ , js ,| u > .same as nfieil he 

perceived productivity m die p ‘ , • ,,, j s , t -vealed while in die 

those the secondary job a. age « since nodm g^evc;. e 

secondary job. The secondary wages also 1 . san e. »; »*' 
additional information about die primaly )<>b that he << g 
less valuable because there is less time left m wlmh to .apitali/e on 
that information. I herefoie, the primal) job looks worse relative to 
the secondary job than ii did when lie chose the secondary job. 1 mis, 
even in the absence of costs of moving from the piimary joh to the 
secondary job, he will not now choose the former.'’ Moving costs sim¬ 
ply reinforce this argument; that is, the secondaiy job looks even 
more attractive now since he can choose it without paving the moving 
cost, K, which he had to pay when he chose it before. Consequently, 
the worker will not switch hack to the primal ) joh once he has chosen 


the secondary job. 

Workers take the salaries offered in the primary job, c/(rt, r), and in 
the secondary joh, W. as given and make an expected wealili- 
inaxiini/.ing career c lioice at each age. All workers are assumed to lace 
(lie same, constant market real interest rate p per period. Let V(<i, >) 
he the expected wealth (present value of all fntuie income) ol a 
worker (a, r) assuming that he makes an optimal career t lioice at eac h 
future age. Consider a very sliott time interval h and suppose that the 
worker (a. r ) decides to stay in the primaly joh dining the period a to 
a -f h. Then, to a close approximation, he will pinchue zero units of 
output iti that micival with probability 1 r/(ct, i)h and one unit with 
probability q(a. r)h and more than one unit with probability zero. I his 
statement becomes exact in the limit as h approaches zero. 

It follows, therefore, that, to a close approximation, the expet led 
wealth from staying in the primary job .it («, r) from ti to a + Ii is (for 
small h) 


q(a,r)h + i/(a, r)hV{a + h. 1 + I) 4- [ 1 

1 + p/t 


<y(n, t )/t ] V(u + 


h.i) 


<») 


" Thn argument is adapted from Kolhsc fold (1471), who discussed the disc tele-nine, 
infinite-horizon case A foinial pioof for the continuous-tune, fmile-horizon lase is 
available from the aulhois on leipiest 
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[n this equation, q(a, >)h ii> the salaiy over the petiod ftom a to a +■ h. 
ll is assumed that the salaiy is paid at a f h, although as h gels small 
this is irrelevant. I he expected (and actual) wealth liom switching to 
the secondary job at (a, t) is 

i’(«) - IV'£(<i) - K (1) 

for a > 0 and e(0) — IV£(0), wheie £(c/) is the present value of a 
continuous flow of $1.00 per period over the interval \a. d] using 
interest rate p, that is, 

?(«) = (-y)ll - »■ "’| (- r » 

Since the worker can < house to stay with the In m tor an interval (a, a 
+ It) or to quit, and since he vs ill never switch from the secondary to 
the primary job, the expected wealth of vcoiker (a. i ) is either via) as 
defined in (-1) or the expression in (3), vvhtchevei is huger, that is. 

l’(«, r) = max li'(n). 

! (hi 

q(a, t)h + i)hV(u + h, r + 1) -t |l - t/(a. >)h\Y(a + h. ?)| 

I + P h I 

It v{a) is the laiger of the two expressions lor small It, then Yin. i ) — 
i'(n). If, however, t'(ii) is the smallet of the two. then multiple mg hv I 
+ p/t and subtracting V(ct, i) liom both side's gives 

phV(a, r) — (j(a, i)h f q(a, i)h\'ia + //, > t I) 

+ 11 - q(a, t)h]\Y(a +■ h, t) - l < ■ 

Now dividing by It and taking limits as h appo 


V(a, i) 



t- (/(a, i )[ VUi. i f I) 


where clot over a func lion denotes its (partial) dei ivatn i 
to age. 

Therefore, vve have 


V(a, r) = max 



+ <j(<l. /)( l r («. 


+ Y{«, >)} 


1)1 ('!■ t )] 

(f I ) 


The altove equation (FK) is the functional equation loi the dvnamic 
programming problem faced In any worker. In order to define the 
problem fully, however, we must specify a bound.trv condition. 1 he 
obvious boundary condition for this problem is that the piesent value 
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of future income starting at retirement age A is zero for any lecord, 
that is, 

V(A , r) = 0 for all r. (B) 

The two equations (EE) and (B) define the value function V , if a 
solution of (FE) that satisfies (B) exisis (a solution is constructed be¬ 
low). 

Any worker (a, >) will choose to exit from the primary job it and 
only if 

pi'(n) > (/(n, r) + q(<t, <)(f'(o, r + 1) — V(<i, rj] + V(a, r). (7) 

We define the exit set, E, as the set of characteristics that will result in 
exiting the pi imary job, that is, E = {(a, r) 6 C | (7) holds}. Note that E 
is fully determined by p, W, and K. 

I he analysis of the model consists of solving the optimal stopping 
problem defined by (EE) and (B) in order to characterize the exit set 
E. The solution will involve an increasing sequence of stopping times, 
/(()) < /(l) < . . . such that (a, r) is in E if and only if zz > t(r). This 
analysis is carried out in the Appendix; here we present the main 
conclusion informally. 

hi/wmal Dm>i/jtion of the Mam Results 

The nature of the solution to the problem stated above can be de¬ 
scribed informally with the aid of figure 1. All the turnover character¬ 
istics of the model derive from the shape of the boundary of the exit 
set. This boundary is the set of points [/(r), r] shown in figure 1 as 
heavy dots. 

The boundary of the exit set must be a nondecreasing function of 
age. The reason is th.it the expected output per unit of time of a 
worker of a given age is an increasing f unction of record, that is, q(a, 
r) < q(a, r’) for r' > r. A worker who has attained a given record r' by 
age a is more likely to be of high quality than one who has attained 
only >. Thus if a worker with record r chooses to leave at age l(r), a 
worker with the better record r’ will not leave before l(r); that is, t(r) is 
increasing in r (see lemmas 2 and 7 in the App. for a formal treat¬ 
ment). 

The boundary of the exit set cannot touch the vertical lines through 
a = 0 or a = A; that is, t{ 0) cannot be at a = 0 nor can T = t(r* - 1) 
be at a - A. If one assumes that at time zero the typical worker (with 
record r = 0) weakly prefers the primary job, then, due to positive 
mobility costs, he will stay for a while even if no output is forthcom¬ 
ing. Similarly, due to finite working life and positive costs of mobility, 
if the worker leaves, he will always do so strictly before retirement 
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r 



age. Indeed, at ages close to A, moving costs exceed the present value 
of the salary in the secondary job. 

Finally, there is a record r* sufficiently high • 
who attains it will never leave. I he boundarv 
cross the horizontal line through 1 *. 1 his, again 
horizon and the existence of moving costs. I 1 
estimates of productivity, equations (1) and (2i 
imply that the downward revision in the vvotkc 
tivity is bounded; that is, the worst possible tutu,, , 
mate for a worker (a, r) is q(A, i). II tins lovset bom.,. 
wage in the secondary job, IV, minus the annual equivalent ol iikiv mg 
costs, Kl£,(a), the worker will clearly stay in the ptimaiv )ob until 
retirement (see theorems 1 and 2). 

The considerations above imply an exit set ol the form drawn m 
figure 1. Workets with characteristics in the region labeled "Ol I “ m 
figure 1 will not be observed in the primary job because, when the 
boundary is crossed, the worker switches to the secondarv job Wot k- 
ers with records better than r* will never be observed to leave the 
primary job; that is, their probability of futute exit is zero. 1 hese 
workers have “tenure." Finally, workers with thatactertsttes in the 
region labeled “IN" may be viewed as expetinterning on the job. 
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Their probability of future exit is strictly between ^ro and unity An 
interesting aspect of the gradual wrung process ts that afters m< 
critical age (labeled T in Hg. 1), experimentation, and thus mobility, 
will cease. All workers with a record equal to or better than r wi 
c hoose to stay in the primary job until retirement; everyone else will 
leave. This follows from the finite horizon and the fact that realiza¬ 
tions of the Poisson process are nondecreasing step functions in age- 
record space. I he employment status of the worker can change only 
in the range in which the boundary of the exit set is sti icily inc t easing. 

The turnover pattern just described corresponds quite well with 
observed mobility patterns. In academia, for instance, wheie output 
(publications) is publicly observable, workers are required to attain a 
minimal standard (i.e., number of quality-adjusted publications) to 
obtain tenure. Those who have not met the tenure standard by a 
certain professional age seek employment at another institution, usu¬ 
ally of lower quality or reputation or of a nonacademic nature. Some 
workers (those with poor records) move before the tip-or-out age. 
Similar patterns are observed in other occupations. 


Compulation amt Comparative Dynamic, 

In this subsection we discuss computation of the tenure standard. »*, 
and up-oi-out age, T (a technique for calculating the rest of the solu¬ 
tion is given in the App.). We also present some comparative statics 
results for these quantities and a numerical example. The example 
shows that, in fact, this model is capable of producing values of r* and 
T that are similar to observed values using values of exogenous pa¬ 
rameters that at e also fairly realistic. 

'I'o calculate r*, note that if a worker plans to remain in the primary 
job until rctiienient, his expected wealth is simply the present value of 
a constant stream equal to his nnrent prodm tivity at eat h age, namely, 
i/(a, This follows from the fact that the expec ted value of one's 

future perceived productivity equals Insentient perceived productiv¬ 
ity; that is, perceived produt liviiy 1 / is a Martingale, i hits, for all / 

>*, V(ii, r) — q(a, > )i(a) 2 s e(u), and 1 * is the minimum sue h value of r, 
that is, r* is the smallest integer 1 such that' 

q(a, ») =* IT - lor all a. (8) 

4 («) 

Any change that increases the; right-hand side of (8) will tend to 
increase r* (although very small changes w ill have no el tea on 1 * 
because of the integer restriction). Since 4(«) increases, for any a. with 


7 Tills IS proved till inallv as lemma H 111 ihe App 
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an increase in A or a decrease in p, the tenure standard, /*, will tend 
to increase with increases in the secondary wage, W', increases in re¬ 
tirement age, A, decreases in moving cost, A, and decreases in the real 
interest rate, p. 

Intuitively, any change that either makes the secondary joh more 
attractive relative to the piimary joh or reduces the annualized equiv¬ 
alent of moving costs, A7£(ci), will induce |>eop!e with a record equal to 
the initial tenure standard to leave. Thus a better record is now re¬ 
quired for it to he optimal to stay in the primarv joh. 1 his same 
reasoning indicates that any change that makes the primary joh more- 
attractive, that is, increases q(a, r) for any (a, r), will have the op|>osite 
effect on i*. Since q increases with increases in i/,,. and 1 - it fot 
any (a, r), the tenure standard, r*, will tend to fall with increases in the 
productivity q t , or q t , of either type of worker, or with increases in the 
fraction of workers who are highly productive, 1 - it. 

Comparative dynamics results on the up-or-out age, 7’, are mote 
difficult to obtain. First recall that the up-or-out age T - t(i* - 1). 
Using lemma 7 (sec the App.) and the fact that, lor r >*, \'(<t. >•) = 
q(a, r)£( a), / is the smallest age a at which 

0 = Wfl f q(a, ) * - 1 )£(«)) - Afp + >' f I)] 

(9) 

- q(o, r* - 1)[ 1 f q(<i, »*)£(«)]. 

Since it tan he shown that the right-hand side <>f (9) is me teasing in a 
at a = /', we see that T varies inversely with IF and dm ■' 1 

provided that the c lunges in VV or A are small en< 

Although it does not seem possible to sav. in g< ' 

T when the changes in IV oi A also change i 
pies suggest that increases in H' will mu ease 
increases in A have the opposite effect. 

Finally, we would like to point out that it o 
examples with realistic values of T and ;* using . 
the exogenous parameters. For instance, if the pi mi 
productivity is that a worker has a 50- fit) chance of ha\ mg pioduc uv- 
ily q t — 1 ore/// = 2.8 units per period, the market mteiest late is p - 
10 percent per period, the retirement age is A - Id pel tods af tei 
entry, the secondai v wage is IV = 1.1. and moving costs .no A = 0.91 
(i.c\, 85 percent of VV), then the tenme standard i* = 8 units and the 
up-or-out age T is between 8 and 9 periods. 


III. Risk Aversion and Imperfect Capital Markets 

The analysis ot Section II considered iisk-neuti.il woikeis and In ms 
and concluded that competition will force an equaliiv In-tween wages 
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and the perceived productivity of the workers at any instant. There is 
thus no insurance in that model. Yet it would appear that the insur¬ 
ance features of observed contracts are important (especially where 
tenure is involved). Therefore, in this section, we discuss the extent to 
which worker risk aversion and lack of access to capital markets 
coupled with the model of information evolution and job matching of 
Section II can account for both the turnover and insurance aspects of 
observed contracts. H 

The introduction of worker risk aversion has a major effect on the 
form of an optimal wage contract. While under risk neutrality wages 
fluctuate with productivity, wage insuinnce is provided by the firm 
when the worker is risk averse. This takes the form of a downward 
rigid wage profile; that is, a worker’s wage will never decline while he 
is employed in the primary job and will increase only when necessary 
to prevent the worker from moving to a primary job in another firm.' 1 

Despite this difference in the wage contract, there are some 
similarities in the turnover pattern. I.et us define a tenure standard r* 
to be a critical value of r such that for all r 3= r*, a worker who attains r 
at some age a is guaranteed to be employed by the firm throughout 
the remainder of his working life. This standard is defined so as to 
apply f° r any history. It can be shown that there exists a positive 
probability of reaching r* following the optimal contract. 1,1 This fol¬ 
lows from the observation that a worker whose perceived productivity 
at any given age exceeds his opportunity cost (i.e., his productivity in 
the secondary job) will not be rejected at that age. Similarly we may 
define the up-or-out age as the latest age, T, such that for all ages a > 
Z, employment in the piimary job is guaranteed irrespective of out¬ 
put. for a < /, there is still some experimentation, and the continua¬ 
tion of employment in tlie primary job depends on performance. It 
can be shown that such a critical age exists. 11 I his follows from the 
fact that it is relatively expensive for a worker to move to the second¬ 
ary job late in his career, and the gain from acquiring information by 
continuing the experimentation period is declining. The considera¬ 
tions above are valid whether workers are tisk averse or risk neutral, 
and therefore a tenure standard and up-or-out age exist in both cases. 
Contrary to the case of risk neutrality, however, the tenure standard 
and up-or-out age are not tied together in the sense that, under risk 

As mentioned in die Inuodiu lion, our model m this section is an extension ot those 
of Freeman (J977). Weiss (1981), and Hams and Holmsiiom (1982). Hie essential 
differences were outlined in the Intioduttion 

As in I Ian is and tlolmsirom (1982), it workei s i ould commit themselves to i rmam- 
m^with a paiticulai firm, wages would tie completely ligid. 

" Lu proof of this statement, the reader is refetted to our woikintf oauer Harris 
and Weiss (] 982). 1 1 

11 For proof of this siatemenl, the leader is lelericd to Hams and Weiss (1982). 
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aversion, some workers with records less than i* will still be in the 
primary job after age T. (This is similar to the results one gets front 
Jovanovic’s [1979] model.) The reason for this is that with tisk aver¬ 
sion, the tenure decision depends also on the wage commitments that 
the worker has accumulated from the past as part of the insurance 
contract. Those commitments may be different for workers of the 
same age and record because of differences in history. 

To illustrate this last point and gain some additional insight into the 
wage process under risk aversion, consider two wot kers. Fast and 
Slow. Although they are the same age a and have the same c umulative 
output r, and therefore the same perceived productivity q. Fast pro¬ 
duced his r units in his first r periods while Slow produced bis in his 
last r periods. Since Fast had r successes in his first / periods, his wage- 
increased rapidly to a level higher than Slow’s wage. Slow’s wage, in 
fact, would still be well below this level even after achieving his / 
successes because these occurred over a > r periods. 1 bus, because of 
the downward rigidity of Fast’s wage, even though by age a both have 
the same record and perceived pioduc tivitv. Fast has a higher c urrent 
wage and promised future wages than docs Slow. I his c an result in it 
being optimal for Fast to remain in the primal\ job until retirement 
even if he never produces another unit of output and for Slow to 
leave before retirement. In this case, if r* is defined as m the pic\ions 
paragraph, we see that there is no / < A such that all workeis with 
records worse than r* at age 7 leave ( r < i* since Slow does not 
achieve tenure, but Fast always has record r and still at hu \ i - n inn c 
The point here is that a worker’s current ti.it" ■■ 
terized simply by his cui rent age and c timulun 
case. 

An important dif ference between the risk -1 
cases is that in the latter wage rigichtv is a sum 
inefficiency. To see this, we introduce the in¬ 
sider a worker at age a and let X( a ) be tin 
expected net costs (i e., wages minus output) to u • 
remainder of the worker’s life (i e.. from <i to .J). One iti.es also iiiiiik 
ofX(n) as the net surplus (above-average piodtut) pi utilised bv the 
firm to the worker. Clearly the firm is indifferent among all rcai- 
rangements of wages and emplovment that keep Apt) fixed since the 
firm is assumed to be t isk neutral and to have access to pei tec t capital 
markets. Define V’(x, a, r ) as the maximal expected utihtv that a 
worker of age a can obtain given that .Y(ct) = v and given that Ins 
success record is r, where the maximization is over all feasible luitire 
wage and employment paths. Also let ;(«) be the present value of tIn¬ 
utility of the constant wage stream in the secondai v job hum age a to 
age A minus the moving cost (as in Sec. II). A necexsai v condition lor 
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ex post social optimality is that a worker ot age a and record r leave 
the primary job whenever the value of staying with zero expected cost 
to I he firm (x = 0) is less than the value of moving. This can be stated 
mathematically lor the two cases corresponding to success or failure 
(to produce) at age a as 

V'(0, a, r + i) < v(a), for / = 0. 1. (10) 

Under an optimal wage and employment contract, the decision 
whether to retain the worket depends on the comparison of the joint 
benefit and cost to the worker and the firm of retaining the worker. 
1’he joint benefit tan be expressed mathematically for the two cases of 
success and failure at age a as 

V(x + A,, <i , r t- i) - (x + A,)V\(x, a, r). i = 0,1, 

where A| is the amount by which the firm's optimal commitment 
changes if a jump in output occuis at age a, An = 0. and V\ is the 
marginal value to the woiker of an increase in the level of commit¬ 
ment. In this expiession, the benefit to the firm ot letenlton, ~(x + 
A,), is multiplied by the marginal \alue of this commitment to the 
worker because V\ is the marginal tate of transformation between 
the utilities of the firm and worker (since the firm is risk neutral). 1 lie 
joint cost of retention is simply the opportunity cost of not moving to 
the secondary job, namely v(a). Thus the conditions for not retaining 
the worker are 

V(x + A,, <i, r + i) — (v + A,)V,(x. a, >) < v(a), i = 0, 1. (1 I) 

Condition (II) cannot hold unless x + A, > 0, that is, unless the 
worker imposes a net cost on the firm. In this case, there is no need to 
raise the worker's wage to prevent him from moving to another firm 
in the primaty set tor, and it follows (see the App.) that 

k\(x, a, t) — f\(x + A„ a, > + I), i = 0, I. 

Thus, if V is sufficiently concave in x locally, it is possible to have 

T(0, a, r + i) < v(n) *£ U(x + A,, «, / T i) — (x + A,)\\(x, a, i), 

in which case the worker will stay even when it is ex post socially 
inefficient to do so. I lie local concavity of I'inx will be inherited from 
the concavity of n, which in turn implies both risk aversion and a 
desire for a smooth wage profile over time (if the worker has no access 
to the capital mat ket). The inefficiency ai ises because the provision of 
wage insurance and banking services is lied to the worker’s employ¬ 
ment. If these aspects can be separated, for instance, by severance 
payments and/or provision of an annuity to a worker who agrees to 
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quit, then a privately optimal employment strategy will also he ex post 
efficient. 

An additional important difference from the case of risk neutrality 
is that, under risk aversion, separations are not generally voluntary. 
As can be seen from condition (11), it may be optimal to expel the 
worker even though the value to the worker of remaining in the 
primary job exceeds the value of the secondary job. This will happen 
if the cost of the firm’s insurance commitment to the worker out¬ 
weighs the net benefits to the worker of remaining m the primary job. 
Under the optimal contract, it may turn out that, after discoveting 
that his situation calls for leaving the primary job, the worker would 
prefer to continue with a contract that is optimal thereafter but stipu¬ 
lates retention currently. To avoid such inconsistencies, it is optimal 
ex ante to delegate to the firm the power to hre the woiker when the 
ex ante optimal contract specifies moving to the secondary job. It is in 
this sense that, under risk aversion, not all separations ate \ohmtan. 

IV. Conclusions 

We have explored the consequences ol introducing workers with 

finite horizon and risk aversion into a simple job-mate lung 

framewotk. We show that the finite-hot i/on assumption alone can 

account for several aspects of observed turnovci pallet ns that are not 

consistent with similar infinite-hori/on models. In put titular, the 

model generates an up-or-oul age. 7\ and a tenme stand ml < ' >n, b 

that all workers will stop experimenting with 

productivity is unknown in favor of one in wh 

known at or before age T unless their t iiitut 1 

ceecls the tenme standaid In that age In tin 

will remain in the uncertain jolt until letircin- 

When risk aversion on the part of the wot k< 
riuni involves contracts in which wage incut .mh 
is provided. I bis tesults in the possthilitv of invoim 
and ex post inefficiency of the emplcnineiit patient Although nine 
will also be a tenure standard and up-or-out age in this model, genet- 
ally these will not have the propertv that all wotkets who have not 
achieved tenure In the up-or-oul age move to the ccitnin |ob 

Fruitful extensions of the models would be to miiochice vat tons 
types of worker activities within the uncertain job. For example, in¬ 
troducing unobservable effort would allow one to analyze the extent 
to which insurance aspects of optimal contracts lead to excessive 
shirking in this dynamic, job-matching framework Introducing an 
investment decision would allow consideration of the effect of con¬ 
tracts on the incentives to undertake tiskiet projects. 
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Appendix 

The Risk-Neutral Model 

Definition: A path to a characteristic {a, r) is any feasible sample path of 
a Poisson pros.css over (he interval [0, nj. 

Let l’(a, r) be the set of paths to (a, r) and E'(a , r) be the set of paths to (a, r) 
that do not pass thiough E. 

Lemma 1 : V(a, r) in (7) can be leplaced by v(a)\ that is, for any (a, r), (7) 
holds at (a, >) if and only if 

pn(fl) > q(a, t) + c/(«, r)[F(«, r + 1) — i'(a)] + e(ti). (Al) 

Proof: First suppose (7) holds at («, r). Then, from (FE), V(\ t) s v(-) in a 
neighborhood of a. Therefore V(u, r) - e(a) and (Al) follows by substitution. 

Now suppose (Al) holds. I hen (Al) holds on a neighborhood of «, so v 
satisfies (FF.) on a neighboihood oft*. I his implies that F(-, r) = v(-) on this 
neighborhood, for suppose not. Then 

pV'(n, r) = t/(tt, r) + </(«, / )lWfe* , r + 1) - V(a, r)] + V(a , t) 

T* pc(«) from (FE) 

> q(a, r) + q{«, t)( V(n, r +■ 1) - t'(«j)) +■ t’(rt) from (Al), 
so 

0 s (/{a, t)(r(tt) - V(a, t)] > v(n) - V(a, r) 
or 

t’(tt) > V(a, i). 


But (torn (Al), 

*'(«) < [P + </(«, r)]t'(rt) - q(a, r )(1 + l'(<r, r + 1)], 
and from (FE), 

V(u, l) = (p + </(«, r)]V / (tt, r) - q(a, r)( I + V(a, r + 1)]. 

1 herefore v(/i) -> V(a, r), which contiachcis (FE). We conclude that V(-, r) =3 
e( ) on this neighboi hood of a, and the result follows from substitution. 
Q.E.D. 

Lemma 2: If a worker leaves the primary job, then any worker of the same 
age but inferior retold will also leave; (hat is, if (a, r) e E and t' S r, then (a, 
>') e E 

Proof: By backward induction 011 r Clearly the lemma holds for r' = r. 
Suppose it holds lor all 1 5 = r' » 1 lor some . t < r. We will show it holds for r' ~ 
s - 1. By lemma 1, it suffices to verify that (A 1) holds at (a, s - 1). Now by the 
induction hyjiothesis and lemma 1, (Al) holds for all r r' £= .s. Thetefore 
V(a, r) = v(a) for all r 3* T & c and 

pi’(a) > q(ti, s) + q(n, t)[F(tt, s + 1) - v(a)] + v(a) 


or 

pe(a) > q(a, s - 1) + q(a, s - 1)1 V(a, s) - e(a)] + i>(a) 

since q(a, s - 1) < q(a, 1 ) and F(a,,f) = V(a ,.t + 1) = v(a). This last inequality 
is just (Al) at (a, 1 - 1). Q.E.D. 
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Lf.mma 3: If there is some way of reaching (A, r) without exiting, then no 
one with a record of r or better will ever exit; that is, if r is such that E'(A, r) is 
nonempty, then lor any i r and any a, (a, s) is not in E. 

Proof: Suppose (a, s) is such that \ s r and (a, s) £ E. Now, for any p E 

P(A, r),p(a) Sf? j since p is nondecreasing. Therefore, by lemma 2, [<i, p(a) | 
E E. Since this is true for any p E P(A, r), E'(A, r) is empty conii ary to the 
assumption. Q.E.D. 

Lemma 4: If E'(A, r) is nonempty, then for any a and i*r,V(fl,i| = q(a, 
s)4(a). 

Proof: First we must establish a cettain property of q. Using equations (I) 
and (2), it is easy to check that, for any (a, r), 

q(a, r) = -q(a, r)[q(a, i + 1) - q(a, r)]. (A2) 

Since £(A) = 0, q(a, i)£(a) satisfies (B). We need only show that it satisfies 

(FK), that is, for s S•- r, 

p V(a, c) = q(a, s) + q(a, s)[V(n, \ + I) - V{ti, s)J + I \), 

But substituting q(n, s )€(«) lor V(n, i) and q(n, i + l)£(tf)foi l'(«. » + l)gi\cs 
p<■/(«, .s)£(«) = q(a, s) + q(ti. s){q(a, i + 1) - q(ti. i)|£(«) 

+ [q(a, c)£(cc) + q(u, ')£(")] 

= i/(«. s>l 1 + £(«)]. “sing (A2), 

= q(a, ')p£(«), since £lcc) = p£(ci) - 1 

Thus i/(«, <)£(«) does satisfy (FK) Q.F. O. 

Definition: An age T > 0 and recoi d r* is t ailed a tenute c hai ,u tensile il 
(l) No worker ever exits the primars job after achicimga tecnid of C nr 
better. 

(i.) ir»* > 0, < A and no woi kct ever remains in the on" ‘‘• • 

reaching /'with refold »* - 1 or worse II »* - 0 / 

(in) If /* > 0, there exists a path p to ( / . r 
through the exit set and such that p(n) = i* I i 
I he age T is called die up-cn -out age and the rc< 
standard. The third condition guaiuntees dial not 
worse than r* exit befcire the up-or-out age 
Theorem 1. Suppose for some i. E'{A. /) is mu 

i* = min {» E Z|E'(A. >) is nonempts). 

X = i a E |(), A }|<r/. i* — 1) Is not m E ) if > ‘ ' ■ o. 

= [0, A] if i* - 0, 

T = sup A'. 

I hen (7’, r*) is the unique tenure c hai.utei istu and A - |tl. / I if / \ 

[0,AJ if T ~ A. 

Proof: We must fust show that A is nonempts tor »*■ ' 0 1 et j> £ /■ ( \ 
r*). I hen for some ag eb,p(b) = r* — 1. 1 heielore, (/». If is not in F and 
b EX. 

That (/', i*) satisfies pail i ol the definition of a tenuie c hai ac lei imh is 
obvious from lemma 3 and the definition of i*. 

To prose part lii, suppose >* -• 0 and let p E E'iA. i' 1 ) Also lei h lx- such 
that p(b) = i* - I. Then b E X so b ^ T II b < 7. define p' In p' - p on (o. (>| 
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andp' = r* - 1 on [A, 7 |. If b = T, then there is an age c < b such that p(a) = 
i* - 2 on [c, b). Choose t < rl < A and define/;' ^pon [0, d), p ' s r* — 1 on [ d, 
/]. I hen ft is die tequired patJi- 

Now supjiose r* > 0 and T = 4 Then by the construction above E'(A, r* 
— 1) is none " ‘ i be definition of r*. therefore T < A. Part ii 

now follows . . - . definition of T and lemma 2. 

Next we show that X = (0, T) if T < A. Clearly, by definition of T, X is 
< untamed in 10, 7 ). To show tlie reverse inelusion, let a be any element of [0, 
T), and let fj £ /■.’(/, — |) as consirueietl above. Then [a, p{(i)] is not in E 

and />(«) < )*. Therefore by lemma 2, (a, r* — I) is not in E. Hence [0, T) is 
contained in .V If /' — A, it is obvious that X = [0, 4]. 

finally suppose (/ ', »') is another tenure characteristic. I hen r' - i*. Sup¬ 
pose T < T I el p £ E'(T. r* - l). Then for a £ (77 ), [a, p(a)] is not in E, 
which contradicts part it of (fie definition sinte t* ^ r' lheiefore T s T. 
Now suppose r' > i*. I hen by lemma 3. T’ - 4. whith violates pan ii of the 
definition. lheiefore »’ — /*. finally, sinte r' = >*, the argument that 7" s T 
tan be reveised to yield / s 7". Ihus /' = I". Q K.l). 

Assimpi ion: Wot kers (weakly) jitefer to start out in the primary job; that 
is, (Al) does not hold at a - i = 0. 

Lemma 5. (a) q„ > IV and (b) Inn,, V(h, 0) = V((), 0); that is, V(-. 0) is 

continuous at 0. 

I’rook Part a is obvious since otherwise the wage in the secondary job 
would exceed the maximum possible wage in the primal v job, and no one 
would weakly jirefer the latter at (0, 0) 

Now for h > 0, f>nt small, (he value of i housing (lie pi mini y ioh at (0, 0) is 
appioximatelv 

«((), 0)/, + UlMl M/h l)+H- c/(0, 0)7; 1 V(/i. 0) 

I + p/i 

fhe relation is exact m the limit as Ii a|>|>toaches /eto. Thetcfote, since the 
ptimaty job is weakly prefetted at (0. ()), the limit ol the expression above 
equals V(<), 0) But that limit is liin A _„ V(li. 0). Q.F..1). 

Lt mm a (i: for some », E'(A, i ) is nonemptv; that is, there is a path to (4 i) 
(fiat does not jiass through /-.' 

Proof. .Since ,/„ > IV and linv.,.c/(4. >) = foi , stdHeiently large, y(4, 

-l a i Ltt ' >e a " y Slul> ' 1 ,K ‘ n '/<"■ H > H' for any a 3 0. Ii follows that («, 
r) £ I: I cm every n > 0. Now siqipos cp £ E'(nJ) for some ,i > 0 . I hen define 
p hy p = /, on [0, a], p' = , on [a, 4 ], In this case // £ E'(A, 7), and we are 
clone. I lius it suffices to show tftat foi some a > U, /■.'(«, 7) / 0. Suppose that 
for every a > 0 , /•/(«, 7 ) - 0. 1 hen foi any « > 0 theie is a 0 < I < « such that 
(/, 0 ) £ L, that is, v(l) ~ V(t, 0) f Ins implies (using lemma 5) that r( 0 ) - K ~ 
ltm„-,n v{n) - liin„_.i, V'(«, (I) = V'(0, 0) oi, since/v > 0, e(0) > i.(O) - X = VdO 
0), which is a comiadiction. Q.K.l). 

1 tiEOREM 2: ( E, i*) defined in theotem I is the uniciiie eciuilihrium tenute 

(haraeteiistic. 

Proof: By lemma (i, there is an r sm h that E'(A, r) is nonemptv. I liere- 
fore r* and 7 are well defined. I he tlteorem now follows from theorem I 
Q.E.I). 

Lemma 7: Suppose that »* > 0 is an equilibrium tenure standaid. Define 

X(r) - (a|(a, r) is not in L), and /(/) = .supX(t) for r — (I.- 1. | l, en 

t(i) is nondecreasing in r and X(t) = [(), i{,)). 

Proof: Suppose r' > r and /(/') < t(r). By definition of I, there is t(r') < a 
<- l(r) suefi that («, r) is not in E hut («, r'J £ E. Since ,' > r, (his contradicts 
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lemma 2. The lemainder o( (lie lemma is proved exactl\ as m die proof ol 
theorem I. Q K.D. 

Computation of the Solution 

Lemma 8: A wotker remains in die primary joh until reiireinent il and 
only il the present value ol a constant income equal to Ins cut renl ua)»e until 
retirement exceeds the value ol suite liing; dial is. /-.'(A. i) is nonempH il and 
only d i/(ci. t)£(ct) 5 s i'(ci) (or all ci. 

Prooe: If E'(A. i) / p, then hv leniuia I. Fin, i ) = c/(ci, r)£(ci). From (FF.), 
V(ti, r) «= i’(u) for all a , so 1/(11, c)£(«) - v(u) (or all «. 

Now suppose //(a, i )£(n) i 2 i'(a) lor all a I hen this mequahtv holds lot all 
r' s* r. 11 is easy to c hec k dial l’( a, i') - if a, i' )£(«) lot all >' & i satisfies (FF.) 
and (B) loi all r' a i. I herelore. («, i) 8: E (or all u. It <an now be shown, as m 
(lie pi oof ol lemma (i, dial F.'f.l, i) C 0. Q.F'. I) 

F10111 lemma 8 we can c ale ulate t* as the smallest / G / su< li dial i/ta. 1 t£bci 
S' i'(a) for e\ei\ </. We can now constiuct F In backward lecuision on 1 
startni)' with >* If >* — 0, let V(u, ») - t/ln, 1 )£(cc) lot all to. 1 ) Otlieiwise let 

//(«, ») = pe(ct) - i/(n, /) - »>[F(c/. r + I) - ;'(//)] -• ?■(<•/> 

Now lor > S' 1 F let Ftcc, r) - i/(n. /)£(«) 

Deli ne .Y (1) and /(r) as in lemma 7. I hen I tom lemmas I and 7 . Hi) iua\ be 
calculated as die smallest root ol H(n. 1) 

We mav now solve die dilfeiential etjuaiion 

pl’(cc, 1) - //(a, i ) + t/(a. 1 )iF(cc. 1 4 I) I (</. /1| > I (a. 1 1 1 Adi 

with bound.11 v condilion 

l |dr). ») = ;'| l( 1 )J (All 

lecursnelv staitiil)' wnh F(ct, 1* - I) and usmt> I i a. 1 I - 1/10 1 )£(ai 

/Ink Mvniun Umhl 

I leie we assume woi ker pi el crone es are lepi esc 1 
w bete u is si 1 tc 11\ me leasing and tone ave land . 11 is 
is also assumed), top/) is die real uuj>c paid (and .1. 
and p is (lie niai kel mleiesl lale l.el ; (ol - /ill) 

//< W)£;(<)) We assume that die cost ol mmum lo 
piimaiv (obsectoi is net'hi’tblc Fin the tune bem, 
to the jnimaiv job is sulmplutul I he downwato 
it’sulls implies dial (his is indeed die case usmy .111 .. _ 
used nuclei nsk neuiialitv ll can be shown dial an opimi I 
schedule solves die Inlloumg dvii.imic piogiunimmg jiioblein 

via), 

F - max F((). 11. 1 ). ( \ "n 

( — ) max ic(ie) + c/( 1 (v + A. 11. 1 + I )< 4 ; ( 1 1 1 1 i 

\ PA,f,„ 

f F v fi + l', + cr( o l ). 
subjec 1 in n 1 ■ 0, a * 0, 

pv ~ a’ i/ t c/e(x + A) ij\ e S m 

c-F( v 1- A, a. 1 + 1) - f max | \ |t>. u. 1 * !>.;■} 


1 Mo 
( NT) 
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with boundary conditions F'(x./t,») = 0 for all v, t, ,Y(0) — X(A) 0, 1(0,0, 
0) 2* i'(0). In this pioblem, unless explie irly noted, all lunclions are evaluated 
at (x, n. >), (n, r ), or n as appropriate, v is uileipreted as the exjxec led present 
value ol the net cost of the employee to the firm: A is the amount by which x 
jumps if a unit ol output is produced; e is the probability of retention im- 
mediatelv after a unit of output is produced; S is the derivative of \ with 
respect to ct; and cr is the probability per unit tune ol not retaining the worker 
when no output is produced. 

The fii st-order conditions can be wtitten as 


»'(»■) - 


(AH) 


jl + — j V’,(x + A, n, i f 1) - V, 


- 0 , 


<A9) 


i’ - 1 if and only if I'fv + A, a. i + 1 ) - v — (x + A) l, ix 0, 
and 0 otltei w ise. 


V > v if and only if V - + ,vl\. (A I I) 

wheie 9 .----• 0 is a Lagrange multiplier lot (A7). Note that (AH) and (A9) imply 
(since 9 0 and 9-0 whenever |A7] is slack) 

it Tic *■( v +• A L a, i + l)| — l',(x +• A *. a, t + I) *£ F,(\, a. i ) - it'| tcO(,x, a, i )| 

with ccjiialtty if (A7) is slack (aslensk indicates optimal value). Since it" < 0, 
te't.x + A L tt, t + I) s «• *”(\. ii, i ) with ecjii.ihty il (A7) is slack I litis, il t jumps 
at ft, (hen, after optimally adjusting v by AN the new wage is the same as the 
old wage unless it must nutcase to keep the woikei from mcning. 

It tin ns out that, il / does not pimp at n. the wage will not change in a 
neighborhood of u. lo see this, totally dilleienliale (A5) with icspect to x 
assuming that 1’ > max {r, l’(0, u. /)}, Ising the envelope theorem and the 
fnst-oider conditions, we obtain 61',, L V,„ = 0. Hut using (AH), we luxe 

+ r,„ - r„8 + r,„ - o, 

f/ft c/ft 


which implies that ilu’^lilti — 0 since n" < 0 I bus wages are i igid except lot 
u|)waicl jumps ar points where > pimps and (A7) is binding. 
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I .a Throne genetule ties suiplus Bv Mas kli l- All Ais. 

Paris: Institul de Sciences Maihemaliques et Kcononuques Appliquees 

(ISMFA), Calucrsde IISMF.A, sec. KM, no. 8, Kconoinies et Soc teles, Janu- 

ary—March 1981. Pp. 481. Fi 280 80 

According to the French philosopher Kdgar Moim, "gieat minds dull with 
unbending thought." 1 I his aphonsm is iliusiialed by Maurice Allais's bools 
La Theuiirgenetale dec suiplus (Genetal theoiy ol sin pluses). I he analysis lelies 
on ihe concept ol distnbutable surplus (wo///to disinbituble ), which was in¬ 
troduced by the same author in 1018 m his A In icilu'iilii’ dune disnpliiir 
fronomiqnr 

Loosely speaking, distributable surplus ol a given good lor a set ol con¬ 
sumption or production units, associated with a given modification ol the 
economy starting from a given initial situation, can be defined as ihe amount 
ol this good that could be made available alter the c hange is made, nuclei the 
conditions that all pielcrence indices gel values at least equal to those ob¬ 
tained in the initial situation, that resouices used remain smallei ill.in oi 
equal to those ol the- initial situation, and that piodutlion made available bv 
the gioup to the lest ol the economy does not diminish I he conc ept relies oil 
the comparison ol the initial state fh the state £._> obtained alter iransfoi illation 
and a state with the same utility levels as £, (tw dirdtmr m Allais's tennmol- 
ogy), obtained Iron) through c hanges ol the allot anon ol the good in w hie h 
surplus is expressed. Flic- concept should be c lai died and made men e pi et ise, 
in particular to distinguish between "distnbutable" and “disti ibuted" sm plus, 
"freed" (tibhe) and “Ireeable" {hbhable) stupids Deadweight loss ol a given 
state is then nothing but the maximum tlisli dutiable sm plus obtainable I tom 
this state for the whole economy (this is also the delmition in the 11)48 book). 

Allais’s concepts of suiplus and loss have a Hicksian llavot but ate 
spec dually designed to lit Paieto theory m a geneial cquilibi mm framework. 
Allais views Ins notion ol surplus as a nmlving concept in economic iheoiv. 
whereas normative economics lotuses attention patticularlv on the stales in 
which distributable surplus is zero, positive economics consists in the desc i ip- 
lion of the ways in which distributable surplus is “sought, lenlized, and 
shared.” With this general leiuwrk in mind, it is convenient to consider sepa¬ 
rately three different aspects of Allais’s new book Fiist, it extends and unifies 
previous analytical wink on a geneial cqmhbiium measitiemeiit ol suiplus. 
Second, it connects this tec linical effort with a synthetic reflection, plat ing the 
concept of suiplus at ihe cent- of some of ihe modem developments of eco- 

1 "l'n grand esprit fmc run a nr idee pxr " 


[Jminutl of I'olmrnl tfonomy I9HI, \ * >1 ‘*'2 nt> 4| 

£I'J84 In 1 hr I’lmcisitv ol ( !«<<*#<* Ml lights trseiwcl 
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iiomks. Third, it provides a detailed and (ritual genealogy ol (he concept, 
over the century that followed Dupuit's seminal atm le. Kadi ol these themes 
contains rich materials and leads to inteiesting achievements, and I will con¬ 
sider them successively. 

I 

Analytical achievements consist in the del nation of lust- and second-oidet 
differentials of the distributable surplus from any initial state lot any change 
of the economic variables compatible with the const taints II should lie men¬ 
tioned that the three diffeienl cases tteated successively—measurement of 
surplus (1) when no sutplus is generated from the piocluctiou sec ten. or (2) 
when this latter condition is diopped, that is, lor any modification of the 
economy (chap 2, pt. 2), 01 ((f) when tiansfoiillations are iso-utilnv iisohe 
dunes) trail slot m.ilions (chap. 5, pi 2)—ate closelv 'initial although difleient 
in terms ol underlying economic piocesses In about one bundled and fifty 
dense pages (pts I and 2 and the beginning of pt ,‘f), the aulhoi denves an 
impressive number of difleient loimulas. among which a dozen should be 
singled out for their particular economic significance 

Tile expressions obtained concern first- and second-ordet dilfcicutials hut 
also finite approximations, they aie valid loi initial states outside ol the vie in- 
Uy ol the (list-best optimum, and hence they go furtliet than the existing 
literature. Analytical tools aie remarkably masteied and dentations ate con¬ 
ducted with ngoi and elegance 1 should, howevci, wain the leader that the 
matter is not always easy to gtasp. Allais constantly uses second-oidei dillei- 
entials, I hese tools, although adecpiate lot the picsenl pioblem. ate some¬ 
what unusual to economic iheonsis, I <> follow the (let iv at ions, a pieliimnai v 
investment may be needed. One should also notice dial the antbot system¬ 
atically chooses to express results m tet ins ol pi im.tl vat table s (c pi ant it it s and 
derivatives ol matginal tales of suhstttution and itansfoimation with icspect 
to certain three lions in the (|uantit\ space, 1 e„ die \ 11 ionelh > 
opposed to die Slulskv point of view lor pieleiemc - 
ence 10 dual \aitables whuh aie sigmhcant when in" 
m,u ket contexts, (ompanson with the existing hu 
mediate 

II 

1 he rellectton on stupins appeals in dus book as a u 
ing dilleieiu pieces ol Allais’s previous vv 01 k Asahc... 
ol distributable sutplus was ptesented 111 the I'M.) book s > 
tllete bad been already demed and main olhets writ m tihgice tvoin in< 
Allais sutplus and the 1 elated concept ol loss were the 'tatting points ol 
fuither studies. I he two ailulcs published bv Debit'd in t<nnowiliun (l‘*5|. 
I !)5-I) on die subjec t ale par tic ularlv notable 1 lie concept ol wc llaic loss used 
by Debreu is grounded in Allan s sen plus. Inn loss is measuied w it li rt-spec t to 
a given composite commodity tatbet than to a noncomposite unmet auv 
Debreu obtains second-order approximations ol vselt.ue loss m the netghboi - 
hood of a first-best o|>limum situation. The influence nt Allais on die Ifoileux 
study published m Etonomehita (11)51) has to be found m die tec hnicpics ol 
second-order differentials: but Ins concept ol well.ue loss iches on die 11 it ks- 
ian compensating variation I lie chllereiu points ol view coincide in specilu 
cases and lead to identical second-order apptoxim.itions ol well.ue loss onlv 
around the specific first-best optitmim that is the scki.iI stellate optimum 
Allais’s result at the end ole haptei I (pi S) on the meat taiue of second -oulei 
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approximations oi losses with lespecl to the numeraire in a neighborhood of 
a lu st-best optimum (a point that has also been stressed by Diewei t in a recent 
dtiicle 11981]) helps toclarily the relationships between different approaches. 

Normative economics jjrovides tfte logical thread that connects die diffet- 
ent stages of Allais's reflection. The book reminds us of some early contribu¬ 
tions on whit h evidence is brought tu supjrort of claims tti print ity, sut h as lilt 
introduction of the concept of social utility frontier introduced as swjnce de 
rendnnent sininl maximum. Also, classical questions of noiniattve economics 
have atiswets appealing as the siihproducts of a tomprehensive analysis ol 
distributable sutphis. In particular. Allais presents a lull cliaratteri/ation ol 
(iist- and second-older conditions fot first-best Pareto ojitima, which is valitl 
both for the convex set tor anti lor the nonconvex (respectively, (e sectenr non 
different le and le seileur di/fnencie in Allais’s terminology). Although this mate¬ 
rial is not ntiunlly new, the restatement ol the results, pnttitularly those 
oblametl by Allais himself lor the tonthtions ol coexistence ol lit 111 s produc¬ 
ing in a locallv tonvex area and in a nonlocallv convex aiea ol their piodut- 
tion sets, is certainly welcome 

I he concept of distributable stiiplns pi ovules a link between nonnative 
and jxisitive Allaisian economics: "l)/in.\ Inn eweiue loulr\ In 0 finnlnms erimn- 
mnjiie\ i/iiflln 1 yuW/ev \<> will fninenl etie unnidfifn comme \e inmennnl 11 In le- 
iheithe, 11 In iriilnulinn et 11 In lepnrlilion 1 I 11 sinplus dmtnbunble ” (In essenie any 
economic operation, whales et it may be, should be viewed as iclatetl to the 
seari h, leali/alion and distribution of distributable surplus.) Allais’s them y ol 
eijialibie de matches (see Malinvaud 1972) 1 outlasts with the Wahasian theoiy 
of eqwlibte de mnnhe (singular) Although Allais dot's not seem to he totally 
explicit about whethei, in the spun ol the (.’o.ise theorem, tlisltibul.ible sin- 
plus would actually be totally exhausted through economic activity, he em¬ 
phasizes the tole of distributable suijrlus as the analogue ol 'potential" in 
physics, ot, il one jrrefeis, as the 11 . 1 tu 1 al “l.iapounov (unction" of 11011 - 
Inliinnemnil theoiy 

Allais’s insistence on building a theoi y that is valid even al a distanc e limit 
lust-best Pareto-optimal stales cetintnly reflects the needs ol Ins approach to 
jtostlive economics. It may also have been motivated by ccinsttlei .11 ions gei- 
mane to the analysis ol constiained second-best situations Although this 
latter jrciirit is not etnpliast/ecl in the present book, preoccupations of this tvpe 
aie at least implic 11 in the work of the rally fifties oil sui plus' Debreu's alteady 
quoted at tide refets to the "lax subsidy jnoblem," w hile Boiteux’s f irst at¬ 
tempts to give a general analytical solution to the pricing problems ol public 
films subject to a budget constraint seem to icly on the concept of surplus 
Modern developments 111 second-best theoiy have given up the sut plus ap¬ 
proach. If such an ajjpioach were again nuclei taken, Allais's work would 
provide an adequate basis. 

Ill 

The last part ol the hook proposes a historical |>ers|)ective ol the subject 
Unsurprisingly, Dupuit is [liaised as the precursor and Paielo, Barone, and 
Hotelling as die major followers; Samuelson and otheis are also evoked. 
.Allais has strong feelings on the subject; he provides a c rttical assessment that 
is sometimes controversial but should ceitatnly be ol the highest inteiesl to 
historians of economic analysis. Although I am not conqietent to judge, I 
cannot resist mentioning the discussion of tfie origin ol the Kdgeworth box, 
which according to Allais," as well as to Jalle picviously, should be called the 


1 Allais, on the other hand, has the highest esteem foi Edgewonh 
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Pareto box. This anecdote also reveals the unsatisfactory state of the history 
of economic analysis. 3 

From the seminal work of Dupuit, the limits ol whit h are partly in its par tial 
equilibrium nature, a mature general equilibrium understanding ol the sur¬ 
plus has emerged, and Allais’s contribution was one of the final dec isivc steps. 
I'he description of the progress of the subject provided by Allais looks, on (he 
whole, convinting. Besides some reservations on the understanding of Motel- 
ling’s contribution, the reader might have liked a more complete analysis ol 
the postwar history (I)ebreu, Boiteux, Harberger) and ol the more recent 
developments in the held. Consumer surplus (partial equilibrium) theoiy has 
been reassessed more satisfactorily thanks to the systematic use of dualitv 
theory. Bob Willig’s (197b) article, “Consumer's .Surplus without Apologv," is 
often referred to for a restatement based on expenditure luiic lions, a restate¬ 
ment to whic h many have contributed: Diamond, Deaton. Goiman, Me Fad- 
den, and others. However, the corresponding concepts (equivalent variation 
or compensating variations) would lead, if employed in a geneial equilibrium 
context, to paradoxes which Boadway, Mishan, and more recently Schvcei/er 
and also Dierker and Lenninghaus (1983) have again identified.' I he ques¬ 
tions raised by Allais are unavoidable. 

Allais has been an innovative pioneer as well as the influential master of 
some of the best economists educated in Fiance in the postwar penod (e g . 
Boiteux, Debreu, Lesourne, Malinvaud) Raiher than the language baiiier. it 
is the displacement of the center of intellectual life on the American side ol 
the Atlantic Ocean that is responsible for a decreased usibilitv of his woik 
This book on the general theory of surplus leminds the profession of a strong 
personality and of a message (hat had an unquestionable influence on the 
economic theory of the !■ I ties and sixties. 1 his message offering a vet unsur¬ 
passed understanding of surplus in a general equilibi ium context leiiiains up 
to date. 


Centre d'Econunne Quantitative el Campamtive 
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’Ill fact, Allais argues dial coiileinpoialv liistoiv of ccououm aiialvsis is suit less 
known dull past history. I he inipioveiiieiii of die nuclei standing ol cuu ic'u ul liisi.u c 
is a task ol vimloublecl social inleresi One mas wonclei vshelfici il is conceivable dial 
some uistittition organize lesearch on tile mem lusioiv ol economic ideas \ piectse 
reassessment ol the genealogy of ideas would Ik- of Intel esi to die w hole piolession. not 
only to root rewards mine fumlv in fads 

1 On this pcnnl the reader will hull n useful lo lead “Aggiegalc Well.ue Mrasuies 
and Compensation Tests" by Scliwei/ei (1983). 
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Mnnoenmmmcs ujter Keynes. A Rtcmtstderatwn ttj llie General Theoiy. By Vtc- 
TORIA Cltlt.K. 

Cambridge, Mass.: M I.T. Press, 1983. Pp. x + 374. $30.00 (doth); $13.95 
(paper). 

Anyone looking at the title of this book would naturally expett to find a 
survey of the development of mat roetonomit s after the publication of the 
ficneiril theory in 1936. At least so it was with me. But tit fatl it is not that kind 
of book at all. Victoria Chitk's intention is much better described bv the 
subtitle: "A Reconsideration of the Genet nl Theoiy." She has written an ex¬ 
egesis of and commentary on Keynes's gieat work, complete with a toncor- 
tlanie showing which chapters of Keynes are discussed in which chaplets of 
C hick. 1 his is a Guide to Keynes. I am still puzzled by the title. Maybe it is meant 
in the sense that one could be said to have painted a "View of 1 oledo" alter hi 
Greco. 

( hick savs that, in hei discontent with the standard textbooks and their 
tension of 'Keynesian economics," she was driven to ttv using the Genetul 
theory itself as the text in an intei mediate mac to com sc. That led hei in turn 
to write this commentary, to guide her students back to the real Keynes. 

I liete is a minor industry of this soil that brings with u the obvious dangei 
that die (tenernl Theoiy will become a kind of holy scripture; some “fundamen¬ 
talists already seem toaskof a proposition in mat roetonomit s not whet hei it 
is tine or false but whether it is "truly Keynesian." 1 want to emphasize that 
(.hit k is not of tins persuasion She has a mind of her own; she is pi c pa red to 
find the Genet a! Tit eon incomplete, or lu/zy. oi erroneous in places. Above all, 
she makes the impoi taut point that Keynes was aiming to tlest t the and under¬ 
stand the economy of the 1930s. He had no interest m “generality" as a 
modern mathematical economist would uutletstand it, He meant that his 
them y was general only in the sense that it was not so spet tal as the orthodoxy 
ol the (tine He insisted on the ft ml less ness of (t viug to undet stand pet sistent 
mass unemployment with the aid of a theory that denies the |>ossil>ihty of 
persistent mass unemployment. (History repeals itself. The unemployment is 
much less nowadays hut the Iruitlessness is just the same.) This analytical 
sjjct ificity has a cost: when the structure of the economy t hanges because its 
institutions or its exjrerience have changed, some pans of a once valid theory 
are likely to become obsolete. Chick does not hesitate to apply this maxim to 
Keynes. 

* here is a bit of the fundamentalist in hei, however. She is one ol those 
wlio think that modern “Keynesian economies”—especially that old devil IS- 
TM has somehow betrayed the t tenet ul 1 f/euty. Now there is uoi fling wrong 
with that altitude in ptinciple, although I do think it gives inadequate weight 
to the extent to which any substantial body of science is a collective product. 

I his is as true of Keynesian economics—without the quotation marks—as it is 
of Newtonian physics or the Darwinian theory of evolution. It could easily he 
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the case that a pioneering work like the Genual lliroty should contain impor¬ 
tant hall-lbrmulaled insights that do not gel incorporated into the early for¬ 
malizations and thus tend to sink fiom view. In fact I have a certain amount 
of sympathy for some ol Chick’s arguments in this vein. Let me give two 
important examples. She says that modern Keynesianism has tended to sub¬ 
merge the distinction between investment spending and consumption spend¬ 
ing and their dilferent roles in economic fluctuations. She claims that this is 
certainly a distortion of Keynes's intentions, and a mistake besides I dunk 
there is much truth in that. The change came about in the course of the 
(somewhat excessive?) fuss over “nticrofoundations,” probably because of 
the mathematical economist’s tendency to speak in terms ol abstract agents 
and commodities distinguished only by subscript, this criticism is not true 
of all modern Keynesianism, but I would agree that reemphasis is called 
for. 

1'he second example is the treatment of uiicertaintv. 1 here is litile doubt 
that Keynes himself was usually thinking of "Knightian uncertainly'' and not 
probabilistic risk when he talked about the intertemporal decisions ol firms. 
He would have dismissed the modeln penchant for describing the world in 
terms of (stationary!) stoc liastic equilibrium as simply n televanl, incapable ol 
describing the sort ol tiling that actually happens. Chick is right to insist on 
that. Ol course Keynes might have fieen wrong in his judgment, but that 
needs to be aigued back and forth. I here is a two-edged blade here I hose 
who say that (he probability calculus is all we’se got. so we might as well use n. 
have <i point, but they loifeit their right to it when, h\e steps latet. they base 
completely forgotten that thev have built on a inajoi unaigued premise Nor 
can they really rely on the Ramsey-Savage aximnati/alion ol subjective prolra- 
hility. 1 can be fenced, kicking and sc teaming that I really do not know, to 
reveal a subjective probability ol one-half for event /-.'.but you cannot gu.u an- 
tee that I will then go home and make investment decisions as il I. weie 
determined in fact by (be loss of a fail com. I may not Him It ■' 1 

have violated one of the axioms On the other side . •' 
about “leaps into die unknown'' instead of |)iohahiln 
a lot of effort in finding a reasonably coherent wav 
lainty. Otherwise a lot ol territory lias to he .tb.uu 1 
retreat into Delphic utterance and answer a teal qi.. 
question, as I feai ('.luck occasionally does (She 
vaguely hostile to theoties couched explicitly as mu 
method she describes as being suitable only to the ,u 
presumably not to tile analysis of pioduc lion I wondei H - 
herself what a theory determining the values of two oi man y ,u i.u "< ' > ■ ■ • 
possibly look like, under the skin, it not simultaneous equations. |>cihd)>s 
thinly or thickly disguised.) 

Keynes claimed that (he industrial c .qul.ilist economics ol lus time 1 c mild not 
be relied on to find tfieii wav to litll-enijilov ment equilibiium and stay tlu ie 
under the inevitable shocks, mostly teal shocks. He located the souice of this 
fdiluie m (at least) two places. One is the laboi m.nkel; something must lx- 
going wrong there, or unemployment would not l>e the ch.iiacteristic |i,uliol- 
ogy of tecession. The other is the c ajitt.il mat ket. something alxiui die iale of 
interest failing to match saving and invest ment at full employment, (hick 
very sensibly pays attention to Ixith themes and has many uselul things to '.iy 

On the labor market she is fairly conventional, diguing in die usual wav 
that institutional artangemenls and the inevitable c harai let istu s of a decen¬ 
tralized tnany-commodity economy make it impossible for wmkeis to initiate 
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bargains over the real wage. Not may employers wish to bring about reduc¬ 
tions in the real wage, even in recession, since they have to worry about the 
reactions of their already employed workers. Chick emphasizes a point often 
overlooked, that employed and unemployed workers have divergent interests 
at such times, and this too works against real-wage flexibility. “It can be seen 
that there is little justification for expecting wages to fall in periods of unem¬ 
ployment, at least not until the unemployment and the low profits associated 
with the low level of demand for output have persisted lor quite a time." And 
even then, falling wages may not do much good if nominal demand for 
output falls with them. She does make a bit of heavy weather over the differ¬ 
ence between “rigid” or "given" and “sticky" wages. “The wage is neither 
given nor endogenously determined." What then? Well, perhaps it is “deter¬ 
mined by history." But that is what one means by “given." The important 
thing is to agree that wage rates do not move flexibly to clear labor markets 
quickly, for all the nitty-gritty reasons she mentions and others besides. 

On saving and investment, her starting point is Keynes’s observation that 
an act of saving is a decision to forgo consumption of more or less specific 
things now; even if it entails an implicit decision to buy something later, both 
the time and the object of expenditure are vague and uncertain. (I his is 
where die distinction between risk and uncertainty comes in. In contemplat¬ 
ing the investments that ate needed to offset saving, firms may not act as if 
they are buying a well-defined lottery ticket over possible limes and objects of 
consumer spending.) 

I have already admired Chick’s faithfulness to the idea of investment 
spending as the driving force in economic fluctuations. Presumably she would 
have no difficulty in adding some consumer durables, for example, to this 
class of active expenditures; this would be an instance of the need to modify 
theory to fit the facts of changed economic structure. Nevertheless, 1 found 
her iieatmeni of saving and investment naggingly insufficient, in many small 
ways rather than one big way I have space to mention only a few. She lakes an 
oddly literal-minded view of some standard moves in dealing with invest¬ 
ment. For example, she dislikes the conventional idea that ex ante saving 
decisions are always earned out so that the lull burden ol accommodating 
differences between intended saving and investment falls on unintended m- 
ventoiy accumulation. Her objection is that this makes investment seem pas¬ 
sive and not the causal agent. It is not haul to allow realized saving and 
investment to fall anywhere between the ex ante magnitudes if there is any 
good reason to do so, but (he reason she gives seems to tinn on unimportant 
appearances, not substance. 

Again, she critic izes the multiplier-acceleratot model as being too simplistic 
to represent the full expec talional-fmanc ial chaiacter ol Keynes’s thinking 
about investment. But the model was not proposed as a complete theory of 
investment, only as an illustration of the important fact that stock-flow in¬ 
teractions contain many dynamical possibilities, including cyclical ones. Fo 
my mind, this excessive literalness also inlerfeies with her discussion of the 
mullipliei. She somehow manages to make a difference of princ iple between 
the "step multiplier* and the “blip multiplier"—those are my self-explanatory 
shorthand names—where I see none; and I am dubious about her discussion 
of the monetaiy accompaniment of multiplier processes. 

W'hile I am being critical, let me give one last example of what I have called 
"literal mindedness.” Chick is deeply hostile to the standard Keynesian model 
as descended f rom Modigliani, the version that appends to the IS-I.M equa- 
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tions the simplest possible supply side: shoit-nm production function, a 
price-equals-marginal!osl condition, and a labor supply equation (or a given 
nominal wage). She seems to believe that just because it may be algebraically 
convenient to solve these equations by starling with the labor market, the 
model therefore attributes “causal priority" to the labor market. Now I dunk I 
actually agree with her about many of the spec die defic lent les of the model, 
but I do not see where causal priority comes into il. No wonder she has such a 
hard time with simultaneous equations. 

Ibis book does not represent my favorite way to do mac ioc-c one units, as the 
reader will have gathered. I think formal model building is both a good wav 
to exercise the imagination and an utqioitanl discipline on the imagination I 
wish Chick’s approach were more technical. But I hope die leader has also 
gathered that I found it a proven alive and interesting piece of work Cluck 
cares about many of the tight things, pm sues them tenatiouslv. and is not 
bemused by fashionable fluff. Her leaders will lie led, and frequendv helped, 
to think about serious issues of macroeconomic theory 

Kobf k 1 M. Sol ow 

Massachusetts Institute of Tethnolo/ey 


How We Live: An Economic 1‘enpectn'e on Aweiitnns /iom Until to heath Bv 
Vic. 1 ok R. Fi t.its. 

Cambridge, Mass.: Harvaiel I'mveisiiv Piess, IW.f Bp 2ff S17 V) 

Friedrich F.ugels and Joseph Schumpeter both foiecasi a decline o! die con¬ 
jugal family, and both anticipated significant consequences fiom dial decline 
In his latest book, a synthesis of a vast anav ol eniputc a I studies dm unit tiling 
how Aincileans live, work, procieate, and die. Yictoi 1 m hs |.o ■ 
ti.il evidence that the family is declining, exploies 11 - 
this reviewer that die consequences aie signilic.ini 
The subject Filths has c liosen is impoitant. and 
book can be recommended foi sc liolars, students, p. 
friends or relatives w ho ask "Whal do economists el¬ 
and nontechnical language whal economists base In - 
to describe and understand modern famtlv life. 

This book provides an economic perspc-ctise on ' 

death. It is about how we choose to live, die lelauoi. 

made bv us and by otliei s, and the const 1 aims we face I lie l>o. * ,. ... ... 

in six chapters, each dedicated to a dilfeienl phase of die lift* cvcle. phis ,1 
concluding chapter on policy F.viclence from scenes ol economic, demo¬ 
graphic, and medical studies is examined in tile context <>1 sevcial m.i|oi 
themes: changes in external c 11 c umstaiices, die inlet lelaleeltiess of choices, 
the ways in which demography transfoi 111 s c 11 c umstani es facing individuals, 
and the significance of die ability to delay giatiluation 

Fite studies cited in (his volume varv m quahlv. but die oveiall standatds 
and cumulative development of evidence are impressive Kalhei than atli nipt 
to enumerate the wide range of topics and studies coveted. 1 will illusiialc 
Fui lis’s appi oac li with some examples ol bis analysis of pat cm c lnUl 1 clwiion- 
ships. 

Ill the chapter on birth and infanc v. one issue examined is iiilani nmilaliiv 
The infant mortality 1 ale in 191 a was 100 pet 1.011(1 live- bit ills Sim e the n die 
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1 ale has been decieasing at more than 3 percent per annum, reaching 12 
deaths per 1,000 live births in 1981. Although overall rates have been [ailing, 
the nonwhile rates have remained 60—90 percent higher than the white rates 
since 1940, with no clear trend. 

In examining this differential, Fuchs points out that age, education, and 
marital status of the mother and the timing and amount of prenatal care 
differ by race, but the differences are not laige enough to explain the differ¬ 
ence in distribution of birth weights by race, which is the most important 
"explanation” foi ditfeiences in infant mortality by race. Mortality rises as 
birth weight falls: babies weighing under 2,500 grains (5.5 pounds) account 
for only 7 peicent ol all births but lor half of all neonatal deaths. Thirteen 
percent of all blai k babies weigh less than 2,500 grains compared to only 6 
percent of white babies. About two-thirds of the rate differential in infant 
mortality is eliminated by standardizing for differences in birth weight. 

Delay in receiving prenatal cate is associated with lower birth weight, but 
the impact is 1 datively small. A delay of 6 months in seeking picnalal care on 
aveiage reduces bii 1 I 1 weight by 1 5 ounces. I his contrasts with the impact ol 
cigarette smoking. One pack per day smoked by the mother during preg¬ 
nancy lowers aveiage bn ill weight by 1 pound, approximately doubling the 
probability of having a high-risk, low-weight baby. T he impoilance of this 
startling lelationship is emphasized bv the additional finding that among 
babies hoi n weighing 751 - 1,000 gi , 1111 s, about one out ol every four sui vivoi s 
will have at least one major handicap, such as veiy low IQ, hearing loss, or 
spastic disorder (Fuchs does not propose policies to reduce smoking, but 
where is theie a strongei case for taxes to 1 educe spillover effects?) Smoking 
does not help explain the lower biith weights of black babies since, in the 
sample examined, blac k women smoked less than whites. 

Altei native explanations fen built weight tlilfcreiues by lace are consid- 
eied. Fuchs notes that 9 peicent of Pueito Rican babies weigh less than 2,500 
grams at birth, while only 5 percent ol Mexican babies aie in this Ingh-tisk 
category. In T exas, the Spanish-stu name population, which is mostly ol Mex¬ 
ican origin, enjoys the same low infant mortality as the white Anglo popula¬ 
tion lu New York, infant mortalitv among Puerto Rican Hispanics is much 
highei than among non-Hispaini whiles. Differences m income, education, 
access to medical caie, language, or icTigion cannot be (he explanation. Fuc hs 
argues that one inajoi difference is 111 family stability: women of Puerto Ric an 
oiigin ate much less likely to have grown up in a stable laimly and are less 
likely to be m.uiied at the time (hey give birth. Fuchs concludes, “Pethaps 
fetal development depends upon strong soc ial support from family and com¬ 
munity" (p. 37). 

I he conditions and cm umstances of biith are 1 elevant to a 1 angc of issues, 
including the distribution ol income both lor childien and I 01 motheis I 11 
the chapter on adolescence, Fuchs examines the increased demand lor (Illi¬ 
cit cii by unman led mothers. One study of pregnant teenage gu Is found those 
with highei glades and those enrolled in school weie tnoie likely to aboil. 
Catholic s and 11011 -Cat holies, other than Mexican Amei leans, did not clilfet 111 
their choices. However, when age, school enrollment status, guides, religion, 
and ethnicity ate held constant, the girls eligible foi public aid were 
significantly more likely to delivet out of wedlock. Incentives matter here as 
elsewhere. Fuchs argues that sensible public policy should be diiectcd toward 
providing tfiese girls more attractive educational and employment allei- 
natives. 
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Changes in family life among young adults are also dot umcnted. Currently 
about half of all weddings in the United States involve at least one person who 
has been rnariied before. In 1950 nine out of 10 married women with ilnl- 
dren under 6 years of age were not working foi pay. Half were so employed 
by 1980. The reasons for this rapid growth are dis< ussed. Fuchs aigues that 
the feminist movement, rising divorce rates, and government affirmative ac¬ 
tion programs cannot be the causes, since they did not gam fence until well 
into the 1960s, whereas the rapid rise in participation of mariied women 
began in the 19.50s. Fuchs's own explanation emphasizes the growth of real 
wages and expansion of the service sector. 

Concerning male-female wage differentials, Fuchs argues dial "par¬ 
enthood'’ is the most serious hat tier to occupational equality. In one of the 
more depressing statements of die book, Fuc hs at gues that diete is "one large- 
obstacle remaining in the path of economic equality for women: llieii de¬ 
mand foi and concern about children. If, as c in rent bchavioi suggests, tins 
demand and concern are licit as great among men as among women, two 
outcomes ate possible. On the one hand, concern for ihildien mas pievcnt 
some women from committing themselves as wholeheartedly as men to paid 
careers, and an earnings gap will remain. On the other hand, full commit¬ 
ment to careers by women may result m fintliei decline in lertililv and less 
parental attention to chtldten. . . . lo die extent dial women become less 
interested in beating children or less concerned alxmt then wellaie afiei 
birth, ihe future of die family and of sen ietv looks bleak lice a use there is little 
evidence that men are prepared to take up the slack ' (pp. I IT 1.5,S) 

Discussing the reasons foi these c hariges in fanulc life. Fuc hs consider s die 
growth of government programs that base altered incentices and facilitated 
changes in family sttucture Fuchs's own theoiy of win government pio- 
granis have expanded into traditional family iesponsibihiies is (hat "the- ill n - 
ing force behind most social legislation in the United States and oihei d< w I- 
oped countries is the piessuie lot a mineegalitai ran sc« w' 
modeiii life compel a mine equal shaiing of mate 
power. . . Modem gosei nmeiits use egalitai tan s< 
induce mass participation and coopciaiion m die t., 

Ihe argument that government programs to! 
groups is unexceptionable 1 he iuiplic at ion t hat die - 
are piim.uilv motivated by a desne to teduce me 
vine ing. Most of what is redistitbiiled does not go to 
affected by who votes and how interest groups aic to, 
nizes, if childien voted, out |Milu irs would thf let tnmi the 
egalitarian theoiy remains to be established as a sansluctms ilu-oty of tin 
glow ill of goyei iiment: and the issue- menc sjicc if u to dus book r email is to be 
resolved: How unit h of the expansion in govei luni-nt well.u t- pmgi ams is m 
■ espouse to the declining family and how much is die cause- 

One particularly interesting issue raised by Fuchs conceins die mle ol 
differential discount lates across inchyidiials in "explaining" sue h hchayioi as 
smoking, inyesimeni m education, and the positiye tentelatiou In-tween 
mothers' education and investment m children One study found that the 
ability lo delay grat if it at ion dm ing childhood is positively i elated to the pies- 
ence of a father in the home as well as to intelligent e and at hicv emeul or icn 
tation." Given the potential sign il it ante of this y ,u table, die amount ol avail¬ 
able evidence appears modest. What do we knovy alioul systematic influences 
on individual discount rales? Vetv few economists have duelled then alien- 
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lion to this issue, and the ease Filths makes is sufficiently strong to suggest 
undetinvestment in (his aiea. 

Fuchs's analysis and evident e raise the standards of debate. Sensible discus¬ 
sion of a wide lange til issues, front the distribution of income to changes in 
fertility and employment patterns and the efficacy of government social in- 
sutance programs, must confront the evidence and arguments presented 
here. 

In our sjreciali/ed society, the life cycle now moves from nursery school to 
nursing home. The impiitattons of such changes in family structure are not 
obviously coincident with (hose suggested by either Schumpeter or Fngels but 
are nonetheless profound. Few issues that concern economists are unaffected 
by the patterns Fuchs documents 

I.EE BENHAM 

W'n shin0nn Unn toi/v 



Violations of the Gold Points, 1890-1908 


Truman A. Clark 

( ruvn w/\ of Southern C.alifmnta 


Evidence is piesentcd th;n tlu* gold standard system was inefficient 
in two ways. (1) (.old point violations sometimes pel sister! lor long 
periods indicating that profit oppoitunnies were 1101 always elimi¬ 
nated quickly. (2) Following gold point violations, gold nccasiouallv 
Howed in nil pro! liable directions. It is argued that govei ninent mtei- 
lercnce in the workings ol the svstein was a source <>l these ineffi¬ 
ciencies. I his suggests that the gold standard did not completelv 
restrict the disc relionaty povvei erf monetary aulhoiHies. II present- 
day gold standard advocates seek to eliminate discretionarv mone¬ 
tary policy, levival ol the traditional gold standaid is piobablv iiimiI- 
ftcieiil 10 attain their goal 


llte cunent debate concerning the clesuubr 

form of a gold slandaid lias stimulated renew 

standard system of the l<tte nineieendi and e.u 

Under that system, mat ket exchange tales 

official exchange rates within vanahle banils b 

of shipping gold. 1 he limits of those hand 

ptofitahle to sltiji gold between countries, wen. ... 

points." Private gold shipments in response to gold j 

served to limit the discretionary power ot monetary antlunittes o\ei 

national money supplies. The desire to establish similar limits on the 

disc retionarv power of today's central hanks is a mam motivation lot 

proposals to restore a gold standard. 

This study is concerned with the ellicienry ot the gold standard 

I Ins paper Inis ln*cn impnncd In iIn* helpful iohiiik-ikn ol l-isdiri Bl.uk. Douglas 
Joines, Merton Millei. Mate Remgannm. Matk Weinstein, and a conscientious uUiee 
I he veseauh was suppoited h\ a )>iam liom the School <*1 Business Admuusiiauon. 
l imeisitv of Southern (aliloinia 


f fouttm! of 1‘nlilu til 1 1 ttHniNi 1 1 MC 4 yn| 'I'J, n<i »( 

C' l**H I by | lie l MiyiiMH ■•}< fin ago \ll rights t c m-i y c <1 (MlJJ Csas s t ] J«*I »»* 
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system. It focuses on the system's reaction to violations of the gold 
points between the United Slates and Great Britain during the years 
1890-1908. After the occasions on which gold point violations oc¬ 
curred are estimated, two aspects of the efficiency of the gold stan¬ 
dard system are assessed: the speed with which gold point violations 
were eliminated and the direction of gold flows in response to profit 
opportunities. It is found that gold point violations sometimes per¬ 
sisted for prolonged periods and that gold often flowed in apparently 
unprofitable directions. It is argued that a likely source of many of 
these inefficiencies was government interference in the workings of 
the gold standard system. While the gold standard set long-run limits 
on their actions, the Bank of England and the U.S. Treasury pos¬ 
sessed some discretionary powers. Those (rowers occasionally were 
used to promote gold imports, to block gold exjrorts, and to delay the 
woi kings of the gold standard system. 

The paper is organized into six sections. In Set tion 1, the conditions 
for the profitability of gold shipments between the United States and 
(heat Britain are derived. Estimates of gold shipment profits occur¬ 
ring between 1890 and 1908 are reported in Section 11. The sensitiv¬ 
ity of the estimated profits on gold shipments to several types of 
errors is considered in Section III. Section IV is concerned with the 
efficiency of the gold standard system. Section V discusses govern¬ 
ment intervention in the gold market. The conclusions of this study 
ate presented in Section VI. 

I. The Profitability of Gold Shipments 

Under the gold standard, the profitability of shipping gold between 
the United Slates and Great Britain depended on market exchange 
rates, the official exchange rate, and the cost of shipping gold. The 
official exchange rate (X/Y), or “mint parity,” was determined by the 
dollar price (.V) that the U.S. Treasury was required to pay or receive 
jier unit of gold limes the quantity of gold (1/E) for which the Bank of 
England would pay or receive one pound sterling. The spot (S,) and 
forward (/■',) market exchange rates (expressed in dollars per pound) 
fluctuated about mint parity (X/Y) within bounds determined by the 
cost of shipping gold. There were two components of that cost: the 
direct costs (which included charges for transportation, safekeeping, 
insurance, etc.) and the opportunity cost of the funds committed to 
the gold shipment operation. Forgone interest in the United States 
(q.s.i) or in Britain (t^K.i) constituted the opportunity cost component. 
Gold shipping operations also required conversions between dollars 
and pounds and, in some cases, securities transactions. Such transac¬ 
tions generated commission expenses that included the necessity of 
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trading across dealers’ bid-ask spreads. However, because of the lack 
of estimates of their magnitudes, commission expenses are ignored in 
the following analysis. 

For an American citizen importing gold into the United Slates from 
Britain, the first step (taken at time t) was the conversion of dollars 
into pounds at the spot exchange rate yielding 1 /.S', pounds per dollar. 
Next these pounds were converted into gold at the Bank of England 
at the rate of 1 /.S',K ounces of gold per initial dollar. The gold was then 
shipped to the United States. On its arrival, it could be converted back 
into dollars at the U.S. Treasury yielding X/S,Y per dollar originally 
invested. During the time it took to complete the entire operation (k 
days), an investment in American securities would have yielded 1 + 
t[ S , per dollar (where t ( s, denotes the interest rate at time t of an 
American security maturing at t + k). 1 Expressing the direct shipping 
costs (s) as a percentage of the initial dollar investment, the importa¬ 
tion of gold would be profitable if the following inequality were 
satisfied: 


>1 + ti st 4 ' (2) 

The profitability of exporting gold from the United States to Biit- 
ain involved similar considerations, but the appropriate exchange 
rate differed because the conveision of tut rent tes occurred after the 
gold arrived at its destination. In order to tedute the <1 r o' 


1 In ihe absence of 11 lions iosIs ami m.irkci ini|>. 
conditions" would haw to hold tor there to Ik* no u. 
opportunities. Id express these <<>n<htinns in terms ot \ 
idles, lei r ( s / denote the rate ot interest .it time / on Arm i 
k, and let i[ K , denote the tale ot interesl at time l on Bnto 
that also mature at / + k Also, let S,denote the spot (dot 1 
and let F, indicate the forward (dollar/pounef) exchange r.m 
sion in occur at / -r- k. tquaiion (I) expresses the relation htiwii 

interest rates that must hold in ordei that the expected u tut n <<n \*.»c i .c .m aim 01 ho., 
securities may he equal 

T ~ S ' _ '±X! ~ 11 Kl 1 1 1 

\ I + 'l K> 

For adetivalum ol (he interest patuv conditions, see ( nhen (1 . pp til t> 7 ). Assum¬ 

ing that the interest pant) conditions an exp lessee! m eq <l) held, an \meric.in en¬ 
gaged in gold shipping had to consider nnl\ the interest tate on \mei uan sec unties II 
die interest pantv conditions were violated, an at hit 1 age uppot mints m mteinational 
secur ities (lading would aiise, hut the securities tiansae irons involved would not neces¬ 
sitate any gold shipments, Finis, a potenti.il profit on the dillerc me !>etween Aiir i u.in 
and British inteiesl rales was a separate mallei dial did not alien the pmtiiahilus of 
gold shipments chrecllv Only interest rate's in the l ulled Slates duccilv influenced 
American decisions to export ot impou gold. and. Mimlaih, onlv British mtetest rates 
entered into the profit tabulations of Britons contemplating gold shipme m* 
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verse changes in the spot exchange rate during the time the gold was 
in transit, a forward exchange contract was necessary. 2 

The first step in a gold export operation (begun at time t) was the 
purchase of gold from the U.S. Treasury at the rate of 1/X ounces per 
dollar. On the same date, a forward contract was obtained to convert 
Y/X pounds (per initial dollar) into dollars at the rate of !•', dollars |>er 
pound on the date the gold was expected to arrive in Britain. I he 
gold was shipped to Britain, and, on arrival, it could he presented at 
the Bank of Kngland for conversion into Y/X pounds (per initial dol¬ 
lar). The pounds would then be delivered against the forward con- 
trait, yielding F,Y/X dollars per dollar originally invested. The total 
cost of the operation was the sum of the direct costs (s) 4 and the 
interest cost (1 + q S( ). Kxporting gold was profitable if the following 
inequality held: 

—> I + i\ s./ + (d) 

Bv similar reasoning, the conditions for the profitability of gold 
shipments undertaken by British subjects can be derived. Gold im- 
porls from the United States were profitable whenever the following 
inequality was satisfied: 

> • 4 h k / + '• (4) 

Gold exports to the United States were profitable if 

-prr- > I + t| k./ + '■ 1 (’>) 


“ A gold expottci could < I loose not to < lose his position with a foiwaid contract and 
take* Ins chances on converting cut tenues at the spot laic pievailmg when the gold 
aimed By doing so, he would he speculating on exchange rate changes duting the 
shipping penod Such exchange late speculation could he undeitaken diicctlv at am 
time without the need to ttampon gold I hus, the gain or loss on exchange late 
speculation was a sepal ate considei ation, and the calculation ol the profit attributable 
direct l\ to a gold export opei ation propei lv involved die exchange rate of a foiwaid 
contract used to close the position However, as I will discuss below, even the use of 
forward contracts could not completely shield a gold expoiter from exchange late 
uncertainty because of the variability of tiansatlantic shipping times 

1 Fot simplicity, the direct costs of gold shipments ate assumed to he constant ovet 
time, in fact, these costs were declining secularly (see Mveis 1931, p 342). ii is also 
assumed that the duett costs of shipping gold are the same in each direction and that 
they are independent of the number of days of shipping time 

1 Examining (2) through (5), one can see that the cost of shipping gold set limits on 
the extent to whuh the spot and forward maiket exchange tales could differ from mint 
parity. These limits were known as the “gold points,” and (hey can he dcnved from (2) 
through (5). Foi example, define l\t x s ,< as follows: 


IM 


i s I 


*(_!_ 

y \ 1 f 'i + 


4 


(ti) 
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Referring to (2) and (4), gold importing (into either the United 
States or Britain) involved no exchange rale uncertainty since cur¬ 
rency conversions look place at the spot rale prevailing at the start ot 
the operation. I'he only source of uncertainty was the time that would 
elapse while the gold was in transit. Undoubtedly, much of this uncer¬ 
tainty was attributable to the weather. If everything else remained the 
same, the profit on gold imports was greater as the number of days 
used in transportation declined since the interest cost was reduced. 
However, an unexpected storm that delayed transatlantic shipping hv 
even a day could convert a profit into a loss. 

The variability of shipping lime also introduced the same element 
of uncertainty into gold export operations with regard to the interest 
cost. In addition, the variability of transportation time exposed gold 
exporters to a degree of exchange rate uncertainty. In a dosed gold 
export operation, a foiward contract setting the exchange tate for a 
currency conversion to take place on a specific future date was ac¬ 
quired. If the gold shipment arrived before the forward contract 
expired, the gold exporter could either (a) sell the contract before its 
expiration (whic h could produce a gain or a loss) and convert curren¬ 
cies at the spot rate or (/>) invest the foreign currency received in 
exchange for gold in securities and then convert currenc ies when the 
forward contract came due. If the gold did not amve bv the nine the 
forwatd contract came clue, the exporter would have to liquidate 
the contract (which could entail a gain or a loss) and then either (<t) 
enter into another forward contract to reduce luithet exposuie to 
exchange rate fluctuations or ( b ) maintain an open m 
to convert c urrencies at w hatever the spot ev ' 
be when the gold finally arrived. 1 hits, due ’ 
allantic shipping lime, even the use ot tor. 
fully eliminate exchange rate uncertaimv H 
tions. Despite these elements of uncertaimv 
pants had strong incentives to ship gold w 
change rates violated one of the gold points 


l ilt'll, ical i a ■ ■ x 111 x ilie lei ms in (2) and suhsinminx limn die tit liinimn «>t / W t „ wi 
see dial n was prntnablc for an Amciuan iili/en to impoii gold limn Hi Ham il S 
/Afv s / I fills, IW\ s/ repi events die s mit al \aUic til die sjsil cst hauls' i alt* Iwlow whu li 
il became profitable It) import gold mlodie l imed Males, and /'I, s . was iclened lo is 
the Ainerican "gold impoit point " Bv simil.ii substii minus. cspicssions bn die \niei i- 
<an gold export point and die Hi nisli gold impm i and espoi I ponus can Ik- del ived Vs 
mdualed by (2) tluough (5), die gold |>omls wcie vanables i.idiei ih.cn tonsi.nils 
However, il was app.nendv toiiinioii aiound die min ol die teiinnv to tpioie lisetl 
values ot die exchange rale as Ihr gold (Joints For example. Mol genslein (I'lVI. pp 
17<i—80) obsei ved ili.n die Etonomut icpoi ceti inn banging estimates of Ivoili die Bt noli 
gtild export poml (-1 827) and die British gold nii|xnl point ( I 890) even week dining 
the period fioni Septembci 22, 1877, lo August 19. 191b. F'oi a levies ol ioiiuiii|mi- 
larv eslimales ol die gold (minis, see Moigensiern (I9 "j 0. pp 177 Sll 
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II. Estimates of the Profits on Gold Shipments, 

1890-1908 

The frequency of gold point violations during the gold standard era 
has been examined before. As part of his comprehensive study of 
international financial markets, Morgenstern (1959, pp. 245-46, 
table 53) identified 45 months between January 1880 and July 1914 
when violations of the British-American gold points apparently oc- 
curted. However, Morgenstern’s findings were questioned by Borts 
(1960) for several reasons. 

First, Morgenstern used constant values of $4,845 for the British 
gold export point and $4,890 for the British gold import point 
throughout the 1880-1914 period. (He derived these figures by tak¬ 
ing the medians of several gold point estimates published by others.) 
As Borts (1960, pp. 225—26) pointed out, and as my equations (2) 
through (5) indicate, the gold points were variables and not constants. 
Mot cover, the profitability of gold exports depended on forward ex¬ 
change rates (or alternative covering transactions) and not spot ex¬ 
change rales as used by Morgenstern. 

Second, Borts (1960, p. 225) suggested (hat the gold points used by 
Morgenstern were biased because he omitted or underestimated im¬ 
portant components of the costs of shipping gold. Among other 
things, Borts indicated that commission expenses were probably ig¬ 
nored and that an unrealistically short shipping time of 8 days was 
probably assumed. As a result, Borts maintained that the true gold 
points usually lay outside the range of $4.845~$4.890 used by 
Morgenstern. If Borts is correct, some (or perhaps all) of the gold 
point violations identified by Morgenstern may have been spurious. 

However, Borts did not comment on one aspect of Morgenstern’s 
data that would tend to of fset the use of biased gold point estimates. 
According to Morgenstern (1959, p. 277), the exchange rate data he 
used were monthly averages of weekly observations. Since averaging 
will smooth out extreme weekly values within a month, the use of 
monthly average exchange rate data is likely to lead to an underesti¬ 
mate of the frequency of gold point violations. 

My estimation procedures and data should avoid a number of the 
ambiguities of Morgenstern’s estimates of gold point violations. Spe¬ 
cifically, the profitability of shipping gold is estimated at monthly or 
weekly intervals with current market data. Gold export profits are 
estimated by means of a sequence of transactions designed to reduce 
the danger posed by adverse exchange rale changes. Profits are es¬ 
timated over a range of shipping times front 7 through 14 days. 
Finally, weekly exchange rate observations are used instead of 
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monthly averages. The only remaining deficiency of Morgenstern’s 
estimates not corrected in this study is the omission of commission 
expenses from the profitability calculations. 

The data that are available permit the estimation of the profitability 
of gold shipments monthly from 1890 through 1898 and weekly from 
1899 through 1908. The spot exchange rate data used were the Lon¬ 
don rate of exchange on New York on the first Friday ol each month 
from 1890 through 1898 and the London rate ol (cable transfer) 
exchange on New York at the end of each week from 1899 through 
1908. On each date, only a single exchange rate figure was available, 
so the cost of trading across the dealers’ bid-ask spread could not be 
incorporated into the profit estimates. Whether the figures collected 
were discrete quotations, weekly averages of daily quotations, or some 
other transformation of actual quotations was not explained by the 
source/’ 

During the period 1890-1913, it repottedly took between 7 and 11 
days for gold to be shipped from New York to London; the average 
was 10 days (Goodhart 1969, p. 110)/ Kstimales ol the interest cost 
were derived from the weekly average tall mones rates in New York 
and London. 5 * 7 It was assumed that the funds emploml in gold ship¬ 
ping could have been invested at the weekly avetage call monev rates 
during the time the gold was in transit. 

For gold shipped on day I and arriving k davs later (at I + k), the 
interest cost was computed as follows: 

1 + Ip = (1 + c/ ; , + 7 )' ’’"(l + a,, ,,i"' 

In equation (7), the subscript / identifies the < 
and a /l+ 7 and c/ ; ,+ ii represent the weeklv 
(expressed on a pei annum basis) in counti - 
following the shipping date. 1 he interest co 
times were estimated by letting k take cm val; 

In 1906, direct shipping costs were repor 
cent (Myers 1931, p. 343). With the passage 
1873, the United States established the official <\<iiang> 

$4.8665 per pound sterling. 1 liese figures can be substituted into t‘J) 


5 Both of these data sets were taken tiom 1 ’ S Confess (Illicit the monthlv data 
were reported in table 3. pp 67-611. anti the weekls data appeared in table 4. pp .II 
74. The original sourer for Null data sets was the t<i<nnmi\l 

h As early as 1893, it was appatentls common in New Yoik ( its to <piote pines tot 
gold to be delivered in It) davs (see Sprague 191*'. p I'M! 

7 The US. weekly aveiage call mones tale was taken liotn \ndtcw il'lpl.pp 119 
37, table 29). 1 he Bntish weeklv average call monev late came tiom I s t ongtess 
(1910, pp. 44-62, table 18) 
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and (4) to produce the following representations of the gold import 
profitability conditions: 

■■-■ 80h5 - (1 + i LS .,) - .003125 > 0; (2') 

■V 

~ n + 'I K.,) - .003125 > 0. (4') 

1.8bo5 

The lack of market forward exchange rate data makes it more 
difficult to estimate the profitability of gold exports, but the problem 
can be overcome by tracing the actions a gold exporter could take in 
lieu of forward contracting to reduce his exposure to exchange rate 
uncertainty. For example, an American gold exporter could first bor¬ 
row pounds in London on the shipping date (I) at the rate q K ,. l he 
amount in pounds borrowed at t would equal the present value of the 
amount in pounds to be received when the gold at lived in London. 

1 he discount rate used to obtain this present value would be i, K ,. The 
pounds borrowed at / could next be converted into dollars at the spot 
exchange rate (.S',) and invested in American sec urities at the rate q s .,. 
When the gold arrived in London, it would be converted into pounds, 
which would then be used to repay tlie loan. The American securities 
held could then be licpudated to leali/e the profit on the gold export 
operation m dollars. These transactions reduce the American gold 
exporter’s exposure to exchange rate uncertainly because the' cur¬ 
rency conversion takes place at the known spot rate (.S',) on the ship¬ 
ping dale. However, as with an explicit lot ward contract, the gold 
exporter would still be exposed to a clegtee ol exchange late uncer¬ 
tainty because of the variability ol the shipping lime. 

By a similar combination of transactions involving borrowing dol¬ 
lars in the l htited States at q s ,, converting those dollars into sterling 
at the spot exchange rate (.S',), and then investing the pounds in Brit¬ 
ish securities at I lie i ale q «/• a British gold exporter could also reduce 
his exposme to the danger ol adverse exchange rale changes. I he 
implicit forward rate (I'*) in these transactions is expressed in equa¬ 
tion (8): 




5,(1 + q s.,) 

1 + 'IK, 


( 8 ) 


I he virtue of the implicit forward rate is that it can be computed fiont 
the available interest rate and spot exc hange rale data.* 


" 4 Iw set <>f Ir ansae lions assumed in doming ilio iniplit n Ini want i.ilo is loiouoil in 
as a "monev maikci hedge" in die inlet national tiname lileiaiuie I am indebted In 
Alan (. Miapiin Ini bunging this In nts attention ll is itileiesting In little dial die 
iinpht il fnitvaid I ale (/■,) in (X) will etpial die matket tniwaid exihange lale (/*,! 
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When the implicit forward rate is substituted into (3) and (5) along 
with the offk ial exchange rate and the estimated direct shipping costs, 
the gold export profitability conditions become 


-VI + Icsj) 

4.8665(1 + «, K ,) 


(1 + I, s.,) - .003125 > 0 


(3') 


and 


4.8665(1 + » t K ,,) 
VI + 'ls ./) 


+ h k.i) - .003125 > 0. 


(5') 


By means of the interest rate anti spot exchange rate data sets de¬ 
scribed above, (2'), (3'), (4'), and (5') were used to estimate the profits 
on gold shipment operations. 

In tables 1 and 2, the dates when the estimated rales of return on 
gold shipments between the United States anti Britain were positive 
are reported. 4 The figures were computed on the assumption 


whenever the mtetcsl paritv conditions of ecj (I) hold Another alternative to (oiwaid 
conuacting to cover gold cxjfori ope rations was mentioned b\ Bons (I‘Min p 22h) It 
called for hanks in the* gold exporting lounitv to sell dot domestic iimencv) sight 
drafts diawn in the foreign cm rent v on hanks in th» importing roiinnv 1 he drafts 
sold would he ledeemed in foreign euneniv when the gold e\j>ojl opciatioii was 
completed If data on sight thaflstan he found, u would Ik* mteiesimg toesiiinale the 
profitability of gold exports coveted in this mantlet 

* Five dates oil which profit oppoit unities wcie in mall v indicated ait not u [joi n d m 
tables 1 and 2 It appeared to lx* piofnahle to ship gold Imm tlu l a v. , ,t 

Biitamnn November n, 10. and 24. 1907 llowevei. tin m ■! 

1907 when ciiiiencv pigimums arose m the l mted '*• 

miums aie consider ed. Amei tc .in gold ex pot ts in Nov 

in losses I he el let Is ot c ui lent \ pieiiuums on die pi 

discussed m App A below I wo othei dates were 

exchange rate quotes On all dales when piofit opp< i 

change rate cjuotes obtained from 1 N. ( ongiess {l‘»p 

table I) weie c liet ked foi consistent v with exchange 

lust was Business Cvcle Senes I 4.105, “Average Menu 

on New York." compiled bv the N B I' K 1 lie moritl ! 

computed f r oin figures appear mg m the 1 1 wwmi\t It should In - 

was also the original source foi L'S (‘ongiess (1910. tables 4 and 1' I !u 

used in checking exchange rate quotes was Andrew ( 1010 . pp l.so 01. table I 4. pp 

195 -207. table 1-4) Andiew's data weredailv obset\aticuis <>f the sight exchange rate 

for bankets* hills obtained 1 lorn the ( omnu uutl <nxl I'numtinl ( htnuult lor lehiuaiv 1. 

1890. 1 S Congress (10 |(), table 4) cjuotes the exc hauge t ate at 4 8 4 » I he* use of this 

quote indicates that it was pi of it able to ship gold I mm Bi itam to die l luted State s 1 he 

monlhlv aveiage ligutes tiom \ Bh R senes 1 1.105 at e 4 Sol1 for |anuai\ 1890 and 

4 8088 loi February 1890 For the wee k Janiiat v 27 Fehmaiv 1 1800, \ndiew (1910. 

tal>le 14) tepoits daily quotes falling in the tangc 4 88 4 88a Rather than ns l>eing 

profitable to ship gold to the Cmted States fmm (heat Bntam on Fehiuatv ! 1800 

Andrew’s cjuotes suggest it was almost profitable to ship gold in the opj>osiie dnec non 

For ()< tohei 4, 1801. I S Congtess (1910, table* 4) cjuotes the cxe hange t ale at 4 887’’ 

I he use of this figuie mdic ales th.u it was pmtiiahle to ship gold fiom the l mud State s 
to Britain I he monthly average N.B F R figures aie 4 8441 Im Sepirmlier |S0| and 
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that it took 10 days to complete each gold arbitrage operation, and the 
profit rates are expressed as percentages. 10 

Table 1 presents the estimated profit rate derived from the 
monthly data for the period 1890-98. During those 108 months, 
there were 40 occasions when it was profitable to ship gold from the 
United States to Britain. The estimated profit rates on British gold 
imports ranged between 0.52 percent in August 1895 and 0.002 per¬ 
cent in May 1897. On each date on which it was profitable to import 
gold into Britain, it was also profitable to export gold from the United 
States, and there is a very close correspondence between the es¬ 
timated profit rates on British gold imports and American gold ex¬ 
ports on each occasion. 11 There were only seven dates on which it was 
profitable to ship gold from Britain to the United States. The es¬ 
timated profit rates on American gold imports were as high as 0.10 
percent in April 1898 and as low as 0.0004 percent in October 1897. 
There is also a close correspondence between the estimated profit 
rates on American gold imports and British gold exports on each of 
the eight dates. 

In table 2, the estimated profit rates computed with the weekly data 
(or the period 1899-1908 appear. Out of the 518 weeks for which 


4 8405 foi October IHOI. Foi the week September 18-October 3, 1891. Andrew te- 
porls an exchange late <it 4 84 each dav. Instead ot indicating a profit on Ameiiran 
gold exports, Andicws ‘(notes indicate dial it was profitable lo import gold into the 
Limed .Slates on October 3. 1891 Because of the disparity lietween exchange late 
quotes on these dates, estimated profit rates for February I, 1899. and Ottobei 3. 1891, 
are not reported in lable I. 

° n shipping date between 1890 and 1908, rates of return were computed for 

shipping limes of 7—1*1 days. As shown in table 6, which will he discussed l>eIow, the 
estimated profits were sensitive to < hanges in the assumed shipping times. For the sake 
of brevity, only the estimates for 10 days shipping time are reported. I hese estimates 
weie selected because the average transatlantic crossing reportedly took approximately 
H) days during the lime peiiod being examined. 

The piofit rates on British gold itnpotts and American gold exports should, of 
course, he equal on each dale. T he slight differences observed aie presumably attiibul- 
able to rounding errors and a lac k of precision in the data. To establish bounds on the 
estimates, both estimated profit rates are reported on each date in tables 1 and 2. 



Table I — Estimated Profit Rates on Gold Shipments Asslmim. 10 Da vs 
Shipping Time and Using Monthly Dai a, 1890-98 


Date 

Import Profit ( ( /t ) 

Export Frciht {'/,) 


Estimated I’rofus on British (4old luiporls and l_'.S. Hold Fxporls 

August 1890* 

20(35 

2008 

March 1891 

1151 

1 1 52 

April 1891 

.0730 

0732 

May 1891 

1341 

1312 

June 180! 

.0891 

0893 

April 1892 

0377 

0378 

Mav 1892 

003(3 

0037 

(line 1892 

0540 

.054 1 

julv 1892 

0510 

0542 

August 1892 

0540 

0.511 

September 1892 

002(3 

0020 

May 1893 

0874 

087 1 

June 1893* 

3469 

'5477 

March 1894 

0748 

0748 

April 1894 

0857 

08)7 

May 1894* 

I9 r >5 

| 0 V» 

[line 1894 

15(37 

l’ii >8 

July 1894 

0060 

11(1131 

August 1894 

1 (33b 

1(3 ili 

November 1894 

00(30 

1 M 1(11 

January 1895 

1(33(3 

1037 

Fcbiuaiy 1895* 

2(319 

2G20 

March 1895* 

2534 

2 "3 ><> 

April 1895* 

357 1 

r,;s 

May 1895* 

2o29 

20 to 

June 1895 

08(35 

1 - 1 ■ 

July 1895* 

3090 


Augusi 1895* 

5187 


September 1895* 

4(384 


November 1895 

15 37 


December 1895* 

2023 


Januaiv 1890* 

3108 


February 1890 

105 1 


March 189(3 

0074 


Aptil 1890 

1(301 


May 189(3* 

2003 


June 1890 

| 0 N 8 


Julv 189(3 

0(308 

Hill , 

August 1890* 

3108 

tin 

May 1897 

001(3 

901 , 


Estimated Piolilson 1 S Gold lmpoiis and 

Pi ills!) ( .old h \|>< a Is 

January 1891 

01 15 

01 13 

December 1891 

0522 

0521 

November 1893 

.0810 

OSOO 

October 1897 

0004 

ooo.i 

April 1898 

1004 

loot 

May 1898 

.0713 

0711 

October 1898 

0589 

( 1-388 

* DcuoU's datfs kIwik 

i stmt.tied gold •tihitiAgc- |>iolit\< \i>ud .I'Miming .1 laigt i tln«» 

1 \lu[»pinijv<"l «||II 1 jh i< 1 m 


dining 




1 ABLE 2 

tsilMAIMl I’KIIIII Ruts OS <»OI ii Shii-mims Asmmim. 10 Dus Shipmm. I IMt AM) 
Umm. WttKLY Da i a, 1H99-I90H 


Dale Import Profit (#) Expoil Piohi U/0 

Estimated Profits on British Gold Imports and li.S. Gold Exports 


)nut- 3, 1899 

0018 

.0010 

June ID. 1 HDD 

.0,323 

.0.324 

June 2L 1 HDD 

.0037 

.0038 

October 21, 1899 

0102 

.0100 

Deiembci 30. 1899 

0070 

0072 

|.mu. ii v 1), 1 DIM) 

0337 

03.39 

|.mu.in 13. (<<00 

.1010 

1021 

April 21, 1900 

0155 

.0153 

April 28, 11)00 

0207 

020(1 

M.,\ I 1 , >01) 

0051 

(1050 

M.iv 12, 1!«)0 

1 1 15 

.1144 

M.iv HI, 1000 

.07.38 

07.39 

M.n 21), 1000 

.07.35 

073.5 

Nf.nth 2. 1001 

0201 

0200 

Man li 23. 1001 

0221 

.022.3 

Maul) 30. 1001 

.0721 

0721 

Apiil <i, 1001 

0708 

.0770 

April 13, 1001 

020 1 

0200 

April 27, 1001 

1)877 

0882 

Mas 4. 1001 

0170 

(1179 

Mar II, 1001 

0157 

0439 

Mav 18. 1901 

08.57 

0858 

Mas 25, 100] 

1380 

1.389 

| line 1. 1001 

1850 

1832 

June 8, |‘I0I 

1313 

.1.315 

June 15. 1001 

1 105 

1 108 

Juno 22, 1001 

.0201 

0208 

Auriim 10. 1001 

0780 

0790 

Mas 0, 1005 

025.3 

025.3 

Mas 23, 1003 

.00(7 

0040 

May 30. 1003 

.0524 

,032 1 

[line 0, 1003 

0023 

0023 

August 0, 1001 

0021 

0020 

Ailjrust 13. 1001 

0011 

0910 

August 20. 1001 

0150 

.0130 

EsInnateil Profits on l 

'■ S (loir! Imporis 

ami Bini.sh ((old Exports 

Oilobn 13. 1000 

1115 

1113 

()< tofici 27, 1000 

0018 

0010 

November 14, 1003 

111 5 

1413 

Novembei 28, 100.3 

0011 

0007 

December 3, 1003 

.1421 

1419 

December 12, 1003 

. 1585 

. 1581 


Ho 2 
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U K Itttpoit 

L S. !• xjxn 1 
Pioht Kr) 

Dale 

Ptofit (Vc) 

Januaty 2, 1904 

.0210 

(1*210 

May 5, 1906* 

0550 

0555 

July 21, 1900* 

0208 

0208 

September H, 1900* 

0002 

(Kv.V.I 

SeplcmOcr 15. 1900* 

0052 

005 1 

Septeinbci 22, 1900* 

0975 

0972 

September 29, 1900* 

0501 

0*499 

Dec ember 22, 190b* 

0081 

007* 

March 25, 1907* 

0989 

.0988 

Match 30, 1907* 

1 101 

1101 

* IV note s dales vs he ll oslun.it id guld .illtlll age pi til Ms i xistt c! assuming dm c l shipping costs < 
19114 amt 0 1 12j jx.i«iin dining l'MIt H 

>1 9 5 pen rnl during JVIU 

returns could 

be estimated, 1 ' there were 35 weeks 

when it was 


profitable to ship gold from the United States to Britain and lb weeks 
when it was profitable to ship gold in tfie opposite direction. 1 he 
maximum estimated profit rale on British gold imports was 0 18 per¬ 
cent on June I, 1901, and the minimum was 0 1)02 percent on June 0. 
1903. The range of the estimated ptofit rates on American gold im¬ 
ports was between 0.1b percent on December 12, 1903. and 0.002 
percent on October 27, 1900. On each date in table 2. the estimated 
profit rates on imports and exports foi gold flows in (lie same direc¬ 
tion are very similar. 

It is apparent front tables 1 and 2 that 1 1;<■ t • 
estimated profit opportunities for shippir 
States to Britain than there were for ship; 
direction. However, there were no British 
(unities after August 1904. 1 his indicates ■■ 
ally "weak” (i.e., .S', > 4.8bb5) relative to n 
the period 1890-1904. 1 he weakness of tie 
March 1894-August 189b is panic ulaib evici.m 


“ All observation ot ihc s|x,i csih.injje late tor llir week ending on llei emtier It 
1904, was nol icpoilecl pit'scuting ihe coliipiilalion ol iclnnis lot llial dale I lu Iasi 
dale on wlm li rales of tctuiti were estimated was Deeem!x*i 12 1008 1 his was Int .him* 
the last nhsci \atum of the lit itish weekl\ a\eiage e all mniu \ 1 ate has h»i Du ( min i 2‘> 
1908, making it impossible to approximate the lintish nmiest tost with rt| (7 1 .flu i 
December 12, 1908. 

1 * 1 lie “flight iiom the tloilai ’ during this pel iod usualh is am limit d to initeHainu 
al)out the maintenance ol the gold stand.ltd I lie pmjxHients ol “hee mI\c*i" attained 
the peak of then political influence in |ul\ 1890 when \\ illi.un Jennings liis.m w.ts 
nominated tor president by the Democ tattc pain (see f-ticdman and Schwan/ I*♦€>*<. 
pp. KM-19) 
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III. The Sensitivity of the Estimated Gold 
Shipping Profits 

In Section II, 1 estimated rates of return on gold shipments on 626 
dates between I860 and 1908. Profits were indicated on 98 dates. Of 
these, 89 occurred between 1890 and 1904. The frequency and con- 
centialion of profit opportunities raise some questions about the reli¬ 
ability of the estimates. 

It is possible that there are errors in the spot exchange rate and 
interest rate data sets. Errors in the data could produce spurious 
estimates of profit opportunities. Of course, errors in the data could 
also prevent the identification of true profit opportunities. Without 
more reliable data sets, it is difficult to determine the extent to which 
the estimates of profits on gold arbitrage operations were affected by 
data errors. 

The fairly large number of estimated profit opportunities could be 
due to systematic underestimates of the costs ol shipping gold. As 
mentioned in Section 1, commission expenses on currency conver¬ 
sions and securities transactions were ignored. The omission of these 
costs biases estimated profit rates upward. Another possible source of 
systematic error could be the use of weekly avetage call money rates 
to approximate the interest costs of gold shipments. It the weekly 
average call money rates were systematically less than true interest 
costs, this would also bias the estimated profit rates upward. 

However, systematic underestimates of the cost of shipping gold 
would lend to produce estimated profit opportunities uniformly 
throughout the period 1890—1908. Instead, the estimated profit op¬ 
portunities repotted in tables 1 and 2 are highly concentrated in the 
years 1890-1904. T his concentration suggests a systematic underesti¬ 
mate ol costs that was declining over the sample period. One possibil¬ 
ity is that, while shipping speeds were gradually ini reasing during the 
sample period, the average lime 1 or a transatlantic crossing exceeded 
the assumed 10 days prior to 1905. As can be seen in table 3 (which 
reports the frequencies of profit opportunities as the assumed ship¬ 
ping time varies between 7 and 14 days), tbe frequencies ol estimated 
profits are somewhat sensitive to changes in the number of days as¬ 
sumed to complete a gold arbitrage operation. If it is assumed that the 
average transatlantic crossing time was 11 days prior to 1905, then the 
number of estimated profit opportunities that could have occurred 
during 1890-1904 drops from 89 to 83. 

It could also be the case that the estimate of the direct shipping 
expenses used was too low during the early part of the sample period. 
The estimate of 0.3125 percent was made in 1906. As noted by the 
source of this estimate (Myers 1931, p. 342), direct shipping costs 
were declining over time. 
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If direct shipping costs are assumed u> he 0.005 dm mg 1890- PHI I 
and 0.003125 during 11)05-8, llien the total numhci ol dates when 
estimated prohts existed drops Irom 08 to ‘25 In adds . tit. 
maimng profit oppoiamities are mine umtoi n ' ' 

the 1890-HUM and 1905-8 subperiods. 11m 
ining tables 1 and 2. I he 28 dates on which e" 
with the revised direct shipping tost assmm 
asterisks. 1 There are 14 leinammg esum.n 
between 1890 and 1904 and nine between I 
gests that the (requeues of gold point \iolatun 
and their concentration in the eaiK seats ol tlu sam, 
be attributable to a systematic underestimate ol the lost ol shipping 
gold during the 1890-1901 subpeiiod 

1 he use of possibly biased estimates of gold ai but age ptohts could 
lead to incorrect inferences regarding the elluicncv ol the gold stan¬ 
dard system. To reduce this danger, 1 will use two sets ol estimated 
gold point violations in the appraisal of market elluiems m Section 
IV. The first set is those obtained with die enigma! dnect shipping 

11 Reused piofil cstiiiKiics ucie obtained b\ subii.u lint* 0 l875 p<umi nhe tht lei - 
encc between 0 5 pet c cm and 0 3125 peuem) limn allot die mii*mal csimuud pinin'* 
before 1005 listed in tables 1 and 2 
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cost assumption (i.e., a constant 0.3125 percent throughout the 1890- 
1908 period). This set will he relerred to as the “original” estimates. 
The second set is those obtained with the revised direct shipping cost 
assumption (i.e., 0.5 percent during 1890-1904 and 0.3125 percent 
thereafter). The second set will be referred to as the “revised” esti¬ 
mates. The examination ol the revised estimates should yield more 
reliable inferences regarding (lie efficiency ol the gold standard sys¬ 
tem. 


IV. Did the Gold Standard System Function 
Efficiently? 

Many criteria can be used to judge the effic iem v of the goltl standard. 
I consider only two in this study. The first is how rapidly gold point 
violations disappeared. The second is whether gold always moved in 
the profitable direction whenever a gold point violation occurred. 

Aside from the time required to transport gold between countries, 
one would expet t international goltl flows to eliminate profit opportu¬ 
nities fairly quitklv. If this was the case, goltl point violations should 
have ott in retl intermittently rather than in sequences on i onset ulive 
dates. 

In the original estimated profit opportunities in tables 1 and 2, 
there were many prolonged sequences of gold point violations. In 
table 1, it apparently was profitable to ship gold from the United 
States to Great Britain during the following consecutive months: 
March-May 1891, April-Sepiember 1892. May-June 1893, Manli- 
August 1891, January—September 1895, and November 1895-Jutv 
1896. It also apparently was profitable to ship gold from Britain to the 
United States m April and May 1898. In table 2, there are several 
instances of multiple gold point violations that occurred within a 
month or a group of consecutive months. For example, the British 
gold impoit point was violated in 14 out of 17 weeks between March 
and June 1901. The persistence of gold point violations observed in 
tables I and 2 suggests that the goltl standard system did not always 
adjust rapidly. 

Looking at the dates of the revised profit opportunities, which ate 
marked with asterisks m tables I and 2, there still remain instances 
where arbitrage oppottunities ate clustered together on consecutive 
dates. For example, in table I, it apparently was profitable for Ameri¬ 
cans to export gold m 9 out of the 12 months between Februaty 1895 
and January 189(5. Similarly, in table 2, it apparently was profitable 
for the British to export gold during the four consecutive weeks be¬ 
tween September 8 and September 29, 190(5. Thus, even when only 
the revised profit opportunities are examined, it does not appear that 
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the gold market was always able to eliminate profit opportunities 
quickly. 

Did gold always How in the profitable directions? Having identified 
the dates on which estimated gold shipment profit opportunities oc¬ 
curred, one can see whether gold Howed in the predicted directions 
by examining the monthly net gold export figures of the United 
States and Great Britain.' ’ 

A minor complication arises in the identification of the months 
af fected by some of the estimated profit opportunities betause of the 
length of time required to ship gold between the two countries. Since 
the average time for a transatlantic crossing was 10 days, gold shipped 
from one round y near the end of one month could arrive in the 
second country in the early pan of the next. Thus, while a profit 
opportunity should affect the net gold export figures of the exporting 
country in the same month the profit opportunity occurred, the net 
gold export figures of the importing country possibly would not be 
affected until the month following the profit opportunity."’ 

'' 1 lie monlhh net j;olrl expoil hollies loi e.idi <o,muv «eie oliuincil Iniin I he- 
N B K R. I he Biitish h^uics are I tom Business Uvcie Senes I-1.1 OK. (»reat Bin am 
hxiess of <»ol<l hxpolls oxer (»old Impoits, I otal l imed Kingdom I he Ameman 
figures die I tom Business Uvcie Senes 1 1.112. ‘ l lined Stales, Ixcess of (.old txports 
ovet (.old Imports' 1 he figures examined lieie .ire die net go!<l c\|xt)is hom one 
country to the "test of the world," not just restm ltd ineasmesof gold flows Ik-huc n the 
United Stales and (neat Bniain 

1,1 In this study, the possibihu of a gold shipment affetting one lountiv s gold cv- 
poits in one mouth atul (he other toututv's gold impoits in the next mouth aiose ont\ 
during I899-1908 when weekly data wete used Puiing !S‘H) ov ' 

used to estimate piofit oppoi(unities Sime each monthlv - 
later than the seventh dav of eaih month, gold shipped 
ohseivation should have i cat lied the oihet side of die \ 
the month While avoiding one soun e of amhigiuiv. tlx 1 
another potential ptohlem m mteipietmg gold flows m 
opportunities Since piolit oppoi tunnies were esinnaied - 
each month dining 1890-98, gold could appear to Mo. 
some months because of upid and diastu changes in i 
remaining weeks of those months For example, if ton 
sufficiently volatile, the Ameman gold exjxnt point could u >. 
week ol a given month and then the Amenc.in gold impiii poim 
one <m more of the iemainmg v\ccks of that month I lie inonthlv data use d m ihis siudv 
would identity onlv the violation of the American gold expntt point leading to the 
prediction of net gold rxpoits In the l ulled State s m that month It miI»sc.«juc nt gold 
mipoits m iespouse to the unobserved violations of die Amenc.in gold impoit pomi 
swamped the initial gold exports, the l nited Slates would be a net gold impoiui in a 
month when gold expotts weie piedicted (liven the hvpodutical changes in maiket 
conditions duiiug the montli, it would f>e incoirecl to tone hide that gold Howed in the 
unpiofitahle diiectiou and lli.it the market was inefficient Without v\ccklv data, it is 
impossible to lx* sine that anv appaienllv unpiofitahle gold Mow observed dm mg 
1890—98 did not cxcur simpfv hex a list’ of such a violent within month exchange tali 
revel sal 1 lowevei. examining the estimated gold point violations in table 2. one < an see 
that no such tc versa I ck< lined within anv month dining 1899 -11*08 w hen wreklv data 
vvete used. Unless foreign exchange mallets weie much less volatile duiiug 1899- 
1908, it seems uulikelv that gold jxmit violations m opposite dne e turns occ m ic’d in anv 
month dining 1890 98 
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To deal with this problem, 1 assumed that all gold shipment opera¬ 
tions required 10 days to complete. If a profit opportunity occurred 
prior to the last 10 days of a month, 1 assumed that it affected the net 
gold export figures of both the exporter and the importer in the same 
month. (For example, as seen in the first col. of table 2, the estimated 
profit opportunity that occurred on May 19, 1900, should have trig¬ 
gered American gold exports on that date leading to British gold 
imports on May 29, 1900.) If a profit opportunity arose during the 
last 10 days of a month, I assumed that it affected the net gold export 
figure of the exporting nation in that month and the net gold export 
figure of the importing nation in the following month. (For example, 
again as seen in the fiist col. of table 2, the May 26, 1900, estimated 
profit oppot tunity should have resulted in American gold exports on 
that date and British gold imports on June 5, 1900.) In a month in 
which more than one estimated profit opportunity occurred, it was 
possible that the net gold import figures of the impoiting nation were 
affected in 2 months. (F'or example, the profit opportunities occurring 
on May 19 and 26, 1900, were assumed to produce British gold im¬ 
ports in both May and June 1900 while producing American gold 
exports only in May 1900.) 

If the gold standard system was functioning efficiently, the United 
States should have exported gold and/or Cheat Britain should have 
imported gold whenever it was profitable to ship gold from the 
United States to Britain. Similarly, if it was profitable to ship gold 
from Britain to the United States, Britain should have exported gold 
and/or the United Slates should have imported gold. F.ither the ex¬ 
porting of gold when gold imports were profitable or the importing 
of gold when gold exports were profitable was inconsistent with the 
efficient functioning of the system. The validity ol this second crite¬ 
rion for market efficiency is demonsttated in Appendix B below. 

In table T the net gold exports of the United States and ((real 
Britain in the months when gold shipments from the United States to 
Britain were estimated to be profitable are presented. If gold was 
flowing in the profitable direction, the United Stales should have been 
a net gold exporter (indicated by positive net gold exports) and/or 
Britain should have been a net gold importer (indicated by negative 
net gold exports) in these months. While the British and American 
net gold export figures are usually consistent with these predictions, 
there are several months in which gold was apparently moving in an 
unprofitable direction. 

Table 5 presents British and American net gold export figures in 
the months when profits appeared to exist on gold shipments from 
Britain to the United States. In these months, Britain should have 
been a net gold exporter and/or the United States should have been a 



TABLE 4 


American and Bkiiish Nee Gold Expokis in Monihs When Gold Shiprims 
prom the Unitfd S tails io Great Briiain W'ere Esiimaipd io Bp Propiiablp, 

1890-1908 


Month Gold 

U S Net 

Month Gold 
Arrived in 11 K 

l' K Net 

Shipped 

Gold Exports 

(10 Days 

Gold Exports 

from U S. 

($ Thousands) 

Shipping Timet 

(£ I housands) 

August 1890 

411* 

August 1890 

-2,112+ 

March 1891 

4,542 

March 1891 

- 140 

April 1891 

13,930 

Apt it 1891 

95 

May 1891 

30,308 

May 1891 

-4.740 

June 1891 

15,539 

June 1891 

5,239 

April 1892 

7,035 

April 1892 

-989 

May 1892 

3,203 

May 1892 

- 1,178 

June 1892 

10,635 

June 1892 

- 1.307 

July 1892 

10,240 

July 1892 

- 1,040 

August 1892 

5,717 

August 1892 

1 .758 

September 1892 

2,324 

Seplemlier 1892 

— 486 

May 1893 

15,200 

Mav 1893 

-953 

June 1893 

1,702* 

June 1893 

-3,852* 

March 1894 

2.883 

March 1891 

- 1 307 

April 1894 

9,400 

April 1894 

-2,245 

May 1894 

23.097* 

May 1894 

- 4 588* 

June 1894 

22,298 

June 1 894 

2 952 

July 1894 

12,752 

Julv 1894 

- 1 1*40 

August 1894 

1,841 

August 1894 

1 *118 

November 1894 

- 1,551 

Nosemlpcr 189 4 

1 251 

lanuary 1895 

24,900 

|anuar\ 1895 

-742 

February 1895 

-4.142* 

ivbiuait 1895 

789' 

March 1895 

-4.227* 

Match IH'C. 


A pul 1895 

-2,177* 

A pill 18"’ 


May 1895 

-3,403* 

May 18" 


June 1895 

-2.104 

June 18" 


July 1895 

3.124* 

July 189. 


August 1895 

15,007* 

\llglM 1" 


September 1895 

16,507* 

Sepu ml>i 


Noveml>er 1895 

13.250 

Nowmbi 


December 1895 

14.068* 

Decembi 


January 1896 

25* 

|ainidr\ 1 v 


February 1890 

— 9.468 

Kehtii.ttx 1 


Mart h 1 896 

- 355 

M.in h 1890 

■ i 

April 1890 

2.513 

Apul 1896 

I'M 

May 1890 

18,599* 

May 1896 

■‘‘9 r 

June 1890 

5.934 

June 1890 

- | 

July 1890 

10,263 

July 1890 

1.150 

August 1890 

-2.317* 

VuguM 1896 

"||* 

Mav 1897 

8.517 

May 1897 

1 217 

June 1899+ 

17.803 

June 1899 

- 2. 1 88 

October 1899 

-8.163 

July 189*1 

OcUiIki 1899 

59*0 4 

1 19 

December 1899J 
January 1900 

0.237 

3,699 

(annul y 1900 

- 5.87S 

Apul 1900J 

- 1.427 
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FABLE I (Continued) 




Month Gold 


Month Gold 

l ’ S Net 

Arrived in ILK 

L'.K. Net 

Shipped 

Cold Expotts 

(10 Days 

Gold Exports 

from It S 

($ t housands) 

Shipping I ime) 

(L 1 housands) 

May KlOOt 

8.526 

May 1900 

- 1,378 



June 1900 

428 

Mauli molt 

-2.030 

Mai ill 1901 

- 958 

A put 190 It 

2.008 

Apiil 1901 

- 2,180 

Mav 190 It 

8,328 

Mav 1901 

- 1.528 

June 19011 

2,084 

(une 1901 

- 955 



July 1901 

-91 1 

August 1901 

— 3.340 

August 1901 

1,825 

Mav 190'it 

13.025 

Mav 1903 

- 1,045 

June I'M):! 

9,740 

June 1903 

-1,202 

August 1904 

2,908 

August 1904 

- 1,242 


S<i('R< K — NVi gold i* vjkh ( (taints im'm' olu.unt’d hom N H J R Mu* ftntisli ftgmc'. ,ui* lnnn Husmrsx ( \iU 
Vnu II, HW Mi* \inrnt.m tigim** .«<• 1 1 mu IIiimik ns ( v<l<* Sum H 111? 

* DfixOc s m*l Hold < m iimhiiIi* h|»i ii oiun.iu d ,trl>Hi.tx< jnoliis < visit <1 .tAWiimuK duct i s*upj>iM^ < mf% 

ol <>'» pen till dining 1890-l‘MM .Hid 0 ^)2‘>|Miirm dining )<M)‘>-8 

t Bii aus«* of mullipU* s ol ptoht oppot itiniuc s duiing tins mom It, j»old slupitu'iiis hom tin* l mini Scan \ .nr 
assumed lo li,i\e .turn'd in Rut,on during tmih dm niomh and tin- following mouth 

t (.•old shipments hom die l nurd States dining tilts ittondi air assittmd to have .tmud in Hi Ham onh dining 
the following moiidi 


net Hold importer. During each month listed in (able 5, the United 
States was a net gold importer, but Britain was not always a net gold 
exporter. 

Table ti provides a summary of the cot respondent e between the 
directions ol actual and predicted gold Hows I tom tables 1 and 5. It is 
apparent that gold imports usually ocean red when estimated gold 
import profits existed. The United States was a net gold importer in 
all 18 months in which gold was predicted to flow hom Biilain to the 
United States. Biilain was a net gold importer in 51 out ol the 55 
months gold was predicted to flow from the United States to Britain. 
However, the four instances when Britain exported gold when im¬ 
ports weie predicted are not consistent with the hypothesis ol gold 
market efficiency. 

The striking feature of table b is that most of the discrepancies 
between actual and predicted gold flows arise when gold exj>ou 
profits apparently existed. Britain was a net gold expoitei in only 8 
out of the 16 months when it appeared to be profitable to shi|j gold 
f rom Britain to the United Slates. The United States was a net gold 
exporter in 41 out of the 54 months when gold flows f rom the United 
States to Britain were predicted. Gold imports timing periods when 
gold exports were profitable are inconsistent with the hypothesis of 
gold market efficiency. 

Actual gold Hows in the months affected by the 23 revised es- 



TABLK5 


Br| I ISH ANI) AMI Kll AN NEI Got I) FxPORI S IN M«1N IMS Wilt \ ( .OLD Si 11 I'M tN I S 
I- kom Great Briiain hi iiil Untied Siaies Were Lsiimaihi iii Be Proeii ahi e, 

1890-I90H 


Month Gold 

Shipped 
horn U K. 

l K Net 

Gold hxporis 
{i 1 Iiousands) 

Month (iold 
Arrived in l’ S 
(10 J)a\s 
Shipping 1 line) 

l S Net 
(»old Kxpoits 
($ Thousands) 

January 1891 

2(14 

).inti:n\ 1891 

-070 

Derembei 1891 

800 

1 )ec imlxi 1891 

- 8,704 

Novembet 1898 

871 

NovemOei 1898 

- 4.140 

Octobct 1897 

2.018 

Oiioliei 1897 

- 1 1.402 

April 1898 

-2.447 

April 1898 

-81.280 

May 1898 

-(1,(142 

May 1898 

- 18.218 

October 1898 

748 

Oilolier 1898 

- 1 8.488 

()(toller 1900+ 

1.824 

()< toiler 1900 

- 10.289 



Nmernlier 1900 

11.908 

Nm ctiiIht 19081 

1,991) 

Noiemliei 1901 

- 10,878 

December 1908 

788 

Deiembei 1908 

- 18.700 

J.tmiaiv 1904 

108 

jami.m 1901 

7.014 

May I90ti 

- 800* 

Ma\ 1900 

2*1.189* 

] illy 190(1 

- 1.207* 

fitly 1900 

8 882* 

September 190(1+ 

8.108* 

September 1900 

- 29.182* 



Oi tobei 1900 

- 20.171.* 

Deiembei 190(i| 

1,008* 





f a n tt.ti y 1907 

820* 

Mai ill 1907|: 

- 2,009* 





\pttl 1907 

- 2.788* 


Sol Hi I s — Nit gold «*v|h»i I s wen olil.nm (I hum \ U h K I In Hi itish t*kjni< » m ih'iu Hibiiii ( '• l« 

Sc i m > 14 I UK Iho \mi i u .m figure s «m. horn Busux-ns ( \< U Vim II IIJ 

* DomuIi s iioi gold c ~k| x>r in iii months ssln*ii t Militate d ijhIiI .mI> it i .i l*c juolrv « v * > * 

<>l OS (mt< oni dm mu; 1 *uo I‘HU .md u 412'» j* t« < m (Iiiiiib; l l *n'» - *s 
t Bn ausc o| multiple dates of |>inln i>|>|mii tnmtu s diiniii> dm month 
to have .n lived in (hr l mltd Sun s dimin' Imili thi* month .md :!» 

t (.old shipmc tils from Hi il.un dm in# lIns momh ,iu ismiiiii - I .< > h . 
ilie* lollowm^ iii«mili 


l ABl K (> 

( l()RRt H|*OM>t- M h Ht l\U IN I III- I)lKM IIONS Of A< It V! 

IN Mo.MIIS Am( III) tsilMMU) (»Oll» Shll'Ml M I 

|H‘MI |‘MIS 


(.ie.it Hi itain l mil il Suit s 


(ioM imports 

Numlrei <>l months gold nnpotts 
auuallv twinned uIk'ii gold tin- 
ports were predicted l 

Total number ol months gold imports 
were pi edit led ”>3 

(iold expoi is. 

Nuniher ol months gold exports 
actuall) (kc lined when gold ex* 
ports were pi edit ted S 

Total number ol months gold exports 

weie pi edit ted lb 


IS 

IS 


n 


>4 
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TABLE 7 

Tilt CORRFSI’ONDENGE BE I WEEN THE DIRECTIONS OF ACTUAL AND PREDICTED GOLD 

Flows in Months Affected by Estimated Gold Shipment Promt Opportunities 
Assuming Direc.i Shipping Costs of 0 5 Percent' during 1890-1904 and 0.3125 
Peroni during 1905-8 


Great Britain United States 


Gold imports: 

N umbel of months gold imports actu¬ 
ally (x<utted when gold imports 
wcie predicted 13 

Total number ot months gold imports 

were predicted 14 

Gold exports. 

Numbei ol months gold exports «uiu- 
ally occurred when gold exports 
were predicted 1 

Total number of months gold expoits 

were pi edit ted 5 


6 

f> 


9 

14 


timatetl gold point violations are indicated by asterisks in tables 4 and 
5. It can be seen that there are still instances when gold apparently 
flowed in unprofitable directions. 

Table 7 provides a summary of the correspondence between actual 
and predicted gold flows using the revised direct shipping cost as¬ 
sumptions. Table 7 shows that most of the instances when gold appar¬ 
ently Mowed in an unprofitable direction occurred when expoi ts were 
predicted. When import profits were predic ted, Britain was a net gold 
importer in 13 out of 11 months and the United States was a net gold 
importer in all (j months. By contrast, when exports were predicted, 
Britain was a net gold exporter in only 1 out of 5 months, and the 
United States was a net gold exporter in 9 out of 14 months. 

During the years 1899-1908, weekly data on exports and imports 
of gold at New York City are available. 17 These weekly data permit a 
somewhat more precise check on the degree of correspondence be¬ 
tween actual and predicted gold flows than was possible with the 
monthly gold How data. 

In table 8, the exports and imports of gold at New York City in 
weeks when gold shipments from the United States to Great Britain 
were estimated to be profitable are presented. In most of these weeks, 
New York City experienced large net gold exports. However, there 
are several weeks when net gold exports were negative. 

17 The weekly ({old export and import figures for the port of New York were ob¬ 
tained from Andrew (1910, pp. 172-76, table II). The original source of these data 
was the Commercial and Financial Chronicle 
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Table 9 presents gold export and import figures for New York (aty 
2 weeks after an estimated profit opportunity on gold shipments front 
Britain to tfie United States arose. (The 2-week lag was again em¬ 
ployed to allow for shipping time.) In all Id cases, New York City 
experienced large net gold inflows following estimated violations of 
the American gold import point. As indicated by astetisks, these cases 
include nine instances when violations of the American gold import 
point occurred using the revised direct shipping cost assumptions. 

1 able 10 provides a summary of the information reported in tables 
8 and 9. The only discrepancies between the directions of actual and 
predicted gold flows occurred when gold exports were predicted. 
Gold appears to have flowed in an unprofitable direction in six out of 
the 35 cases where estimated violations of the American gold export 
point occurred using the original direct shipping cost assumptions. 
During the period 1899—1908, there was no instance when an es¬ 
timated violation of the American gold export point occurred using 
the revised direct shipping cost assumptions. 

I lie examination of the weekly gold How data for New York Gily 
cot robot ales the findings based on the monthly net gold export 
figures for Britain and the United States. On occasion, gold appar¬ 
ently flowed in unprofitable directions, and such unprofitable gold 
flows usually occurred when gold exports were predicted. 

Based on the evidence presented in tables 4-10, it appears that the 
gold standard system was inefficient. Gold point violations seemed to 
persist lor extended periods, and gold sometimes (lowed in unprofit¬ 
able directions. A partial explanation for these indications of inelii- 
ciency is presented in the next section. 

V. Government Intervention in the Gold Market 

One explanation for the apparent inefficiency of the gold standard 
system is interference m the workings ol the system bv governmental 
bodies or their agents. I lie principal goal ol monetary policy in each 
nation under the gold standard was the maintenance ol comet libilin 
between its currency and gold at the legal rate of exchange. Gold 
exports drained teserves from a nation's monetary authority. If the 
monetary authotity liacl a legally required or self-imposed minimum 
ratio of reserve's to liabilities, protracted gold outflows that loweted 
the reserve ratio could force the monetary authority to take ac lions to 
stem gold expot is. The monetary authority was not stibjec t to a corre¬ 
sponding pressure to curb continued gold imports as long as it was 
willing to add to its reserve holdings in the form of gold. Because ot 
this asymmetry, governmental bodies were more likely to attempt to 
prevent or limit gold exports than gold imports. 1 be preponderance 
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Exporis and Impokis op Got o ai Ntw York (.iiy 

Two WhKKS afiir 

i hk Da iis 

WhI.N GOLD SniPMKNIS I-RCIM GkI-AI UmiTAIN 

IO lilt. 

(Mini Siaiks 

WfcRE Ksiimaihi io Bt. Fkiikiiahii, 1899- 

1908 



($ thousands) 




Dale of (Fold 

Week Gold Arrived in I’.S. 




Point Violation 

(10 Days Shipping I ime) Exports 

Imports 

Net Exports 

October IS. 1900 

October 27, 1900 

15 

5,495 

- 5,582 

Ouobct 27, 1900 

November 10. 1900 

10 

2.858 

- 2.828 

November 14. I90S 

November 28. 1904 

55 

4,051 

- 5.996 

November 28, I90S 

December 12. 1904 

107 

1,199 

- 1 .092 

Decembei 5, 190S 

Decembei 19. 1904 

III 

2,504 

- 2,495 

December 12, 190S 

December 26, 1905 

14 

5.405 

- 5.291 

[annul y 2, 1904 

|anuaiv 16, 1904 

95 

4.075 

-2.978 

May 5, 1906 

May 19, 1906 

b 

15,191 

15.188* 

July 21, 1006 

August 4, 1906 

22 

2,080 

- 2.058* 

September 8, 1906 

September 22. 1906 

0 

15,89! 

- 15.891* 

September 15, 1906 

September 29. 1906 

1 

8.444 

- 8,455* 

September 22, 1906 

Oc toiler 6, 1906 

1 

5.470 

- 5,469* 

Seplembc! 29, 1906 

October 15, 1906 

»> 

5.566 

- 5.56 1* 

Decembei 22, 1906 

|anuaiv 5. 1907 

b 

109 

- 105* 

March 25, 1907 

Apt it 6, 1907 

3-1 

1 .558 

1.524* 

March 50, 1907 

April 15, 1907 

0 

142 

- 152* 

Sortu \ -■ \mtu*u (IMIO.nn 17‘J 7i» ih 




* I)«M1<»I(*S IMM m»UI tAjKllb 

III fell ks tllllo VAIIlir t|« 1 J JC tlllt \ 1 ll tfltllA .is* 

iipninil 'fm 

<1 nIi 1 ppiltij i ctsls c>| <1 ") j x 111 ! 1 

pt mi lo l ( IOi ,iih1 0 Slli'i |h r 
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I ABLE 10 

1 HI. ('.l>KK|S|>OM)t S( I BMW»N lilt DlKMIIONSOI \( 
Flows \i \i-w York (ii y in Wiiks Attn ih> b\ Bom 
E si ima 1Is ot Gou> Siiii'mim I*rohi OmiKn 


()i i^i n.iI hMm* 


Gold impoi is 
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of instances in which gold was imported when gold exports were 
apparently profitable is consistent with the explanation that govern¬ 
ment interference was a source of the inefficiency of the gold market. 
However, it must be admitted that the assumed motivation for gov¬ 
ernment interference does not lead to an explanation of why Britain 
exported gold on some occasions when it was apparently profitable to 
import gold from the United States. 

flow did governmental bodies attempt to control international gold 
Hows? 18 Bloomfield (1959, p. 53) discussed several devices employed 
by the Bank of England to manipulate the gold points. To discourage 
British gold exports, the Bank occasionally imposed a premium on its 
selling price for gold bars and foreign gold coins. At other times, the 
Bank met demands for gold for export by payment in underweight 
coins. The effect of both of these measures was to lower the British 
gold export point (expressed in units of foreign currency per pound). 
On other occasions, the Bank of England tried to encourage British 
gold imports by lowering the gold import point. This was done by 
raising the Bank’s purchase price for gold or by granting interest-free 
loans to gold importers during the time the gold was in transit. 

The argument that government interference was a source of gold 
market inefficiency would be strengthened if it could be shown that 
some of the instances in which gold apparently moved in unprofitable 
directions occurred when the Bank of England was known to be tam¬ 
pering with the gold points. Unfortunately, Bloomfield did not 
specify the dates on which the Bank employed any of the techniques 
he desc ribed. Ifowever, some dates on which the U.S. Treasury or its 
agents intervened in the gold market are known, and there is a corre¬ 
spondence between these dates and apparently unprofitable gold 
movements. 

Between April 14 and May 29, 190b, the U.S. Treasury took steps 
to eliminate the interest cost of gold imports into the United States. 
Initially, Secretary of the Treasury L.eslie M. Shaw permitted one 
bank to count gold in transit to New York as part erf its reserves. 
However, as this was blatantly illegal, Shaw next offered to place 
public deposits in non-interest-paying bank accounts equal in amount 
to any contracts the banks made for the importation of gold. These 

IM It is pan of the gold standard lore that the Bank of England could control British 
gold Hows by means oi ns discount polity. To hall British gold outflows, ihc Bank 
would laise the hank rale (i e , its discount rate) while simultaneously draining reserves 
from the banking system. To stimulate British gold exports, the Bank would lowet the 
hank t alc while int t easing the reserves available to the banking system Howevet. if the 
world's hnannal maikels were integrated, it is doubtful that the Bank of England 
possessed such power. McCloskey and Zeehei (1976) presented evidence suggesting 
that the traditional view of the gold standard era greatly exaggerated the ability ol the 
Bank of England to direct international gold Hows by varying the bank late. 
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deposits had to be returned to the Treasury when die gold arrived, 
but, because the banks had the use of the funds deposited during the 
time the gold was in transit, the interest tost was eliminated. Set ret ary 
Shaw repeated his use of public deposits to stimulate gold imports 
between September 10 and October 23, 1906. 1!l 

Secretary Shaw’s measures perhaps had some effect. In 1906, the 
United States had net gold imports of approximately $12.3 million in 
April, $29.2 million in May, $29.2 million in September, and $20.2 
million in October. However, it should be noted in table 2 that there 
were occasions in May and September 1906 when it was apparently 
profitable to import gold into the United States even when full inter¬ 
est costs had to be borne. 

In addition to its own overt actions, the Treasury also condoned 
private attempts to affect gold flows. During 1893, a .vindicate of 
bankers, headed by J. P. Morgan and August Belmont, engaged in 
activities designed to raise gold for the U.S. Treason and to present 
gold exports from the United States. Between February and June 
1895, the syndicate’s actions were apparently successful. As seen m 
tables 1 and 4, American gold exports were apparently profitable in 
all 5 months, but the United Slates experienced net gold imports in 
each month. The bankers’ syndicate collapsed in Juh 1895. and mas¬ 
sive net expoits of gold occutred through the end of the sear. Also, 
following the nomination of William Jennings Bi sun lor piesident bv 
the Democratic party, a syndicate of foreign exchange and gold ship¬ 
ping houses committed themselves to blocking gold outflows in the 
latter part of July 1896. This syndicate functioned *' 

August. Us effectiveness is indicated bv the f.u 1 
was a net gold importer during August I8<»|. 
in table 1 of a fairly substantial profit on go 1 ' 
month.* 0 

Thus, in 6 of the months when the Uniico 
when gold exports were estimated to be proln.io. 


Secrelaty Shaw's actions in 1906 aie clescrilied in l S Seciet.us n! the I icmmiic 
(1906, p. 39), Myers (1931, |>. 313), Kneilinaii .mil Schwaii/ (I9t'i. pp I Vi on. n 31 i 
and (rfxxfharl (1969, |>|i I 12-13) 

211 Tile Morgan-Behiiont syndic ale conn acted lo i.nse 3 1 million onnccsot gold loi 
the U S. Tieasilly bv the sale of I reason bonds I lie sale ol some ol lliose Imiicls in 
Lurope aceounlcd tor pan of die gold Hems into die L ulled Stales dining Lehman 
June 189. r > The syndic ale also look steps to block gold cxpoiis In selling dialts on 
London at below market prices and not covering those sales b\ gold espoi is ( o obtain 
the coopei ation of olhei banks, the sy ntlic ate gi.tilled diem sh.n es m the ionic hm it mg 
ill exchange tor their pledges no! to ship gold and lo sell no foreign exchange at rales 
that wonlcj violate die gold ex [will poult the nuclei writing piolits writ- appai ciitb 
adequate lo mine than cover anv losses siilfeicd b\ die svnduate m bloc king piohtable 
gold exports Additional information about this swiduate and the one that opei.ued in 
1896 can be found in Fiicdinan and Schwait/. (1963, pp 111-13, me hiding u .Ol 
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condoned by the LJ.S. Treasury were known to be operating to pro¬ 
mote American gold imports and block American gold exports. This 
observation provides support for the explanation that government 
interference was a sou ire of the inefficiency of the gold standard 
system. 

VI. Conclusions 

litis study has been concerned with violations of the gold points 
during the years 1890-1908. Dates on which arbitrage profits on gold 
shipments between the United States and Great Britain apparently 
existed were identified. The estimated gold point violations were used 
to assess two aspects of the efficiency of the gold standard: the speed 
with which the system adjusted to gold point violations and the direc¬ 
tion of international gold flows in response to profit opportunities. 

It was found that gold point violations often persisted for several 
successive months. This suggests that the gold standard system did 
not always eliminate profit opportunities quickly. It was also learned 
that gold sometimes flowed in apparently unprofitable directions in 
months when estimated gold point violations occnned. These find¬ 
ings are inconsistent with the view that the gold standard system 
functioned efficiently. 

It was argued that a likely source of many of the observed 
inefficiencies was government interference with the workings of the 
system. Monelaiy authorities had incentives to restrict gold exports 
and to promote gold imports. They, unlike private market partici¬ 
pants, were also willing to absorb any losses necessary to stimulate 
unprofitable gold flows. Evidence consistent with this argument was 
discovered: almost all instances where gold apparently flowed in 
unprofitable directions occurred when gold exports wete predicted. 
It appears that the Bank of England and the U.S. Treasury occasion¬ 
ally tampered with the free workings of the gold market. In the short 
run at least, they apparently had some success m thwailiug gold ex¬ 
ports and stimulating gold imports. 

The findings of this study have implications for the current deflate 
concerning the desirability of restoring some form of gold standard. 
Advocates of a gold standard want to set limits on the discretionary 
power of central banks. The gold standard in effect in the late 
nineteenth and early twentieth centuries established such limits in the 
long run. However, as this study suggests, monetary authorities still 
possessed some degree of discretionary power in the short run. As 
long as central hanks were willing to hear losses, they could delay the 
workings of the gold standard system. Presumably, central banks to¬ 
day would also be templed to meddle with a similar system. If the goal 
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of monetary reform is to eliminate all discretionary monetary power, 
something other than just the revival of the traditional gold standard 
is required. 


Appendix A 

The Effects of Currency Premiums in the United States on the 
Gold Points 


The cmeigenre of “tin renty premiums" in the United Stales disrupted the 
usual workings of the gold market on two occasions between 1890 and 1908 
During the financial paints of 1898 and 1907, banks in the United States 
suspended tire convertibility ol deposits into <urrent v in an attempt to telain 
their reserves As a result, currency went to a premium over certified t hecks. 
Between August 8 anti September 2. 1898, and again between October 81 
and December 28, 1907, tin tent y was quoted at premiums ol up to 4 per¬ 
cent .' 1 

file effect ol a t urrent. v premium was to altei the noimal gold points 
Because gold arriving in New York could he <(inserted into deposit halantes 
for an additional gain, a premium on t orient \ gave an added mcentise to 
Ametitan gold imports. Let denote I he t urrent \ pieniium m New Yoih 
on day I + k. With such a premium in ellett, gold shipped from Britain on 
day t and arriving in New York k days later sie'.tled a prolu it the following 
inequality was satisfied. 


(1 + p,.k)X > 

s,r 


t- l ls , + * 


(Alt 


Likewise, the ptofitabililv tonditions lot Bntish gold exports to the 1 niter! 
States shipped on day I and at its mg on das I t k betaine 


(1 + 

t,y 


1 + 9 K r f ■ 


The existent e of rut rent y ptemmms tonlnhm 
gold into the United States dining lioth panics In 
net gold imports were $ 10.0 million. 1 he net unpin 
Stales were $08 0 million m Nosemlier 1997 and s 
1907. In terms ol the estimated profits on gold si,, 
miiim ol 1 pertenr' made it profitable to ship 4 
United Slates in August 1898. With 10 dass shipping c 
profit rale ini lulling the current \ pi emiitm was 0 981 pci u nt on \.,,e, 
gold impoits. Dining the panic ol 1907. lonsidciatioii ot the t intents pie- 
miums 1 h. 1 t could base been realized 10 dass altei each shipping dale made a 
piolilable to ship gold trom Britain to the United States on Oitohei 20. 


' In Sprague (1910). dailv quoialions <>t the tiiiients piemmins lakin linn New 
Yoik newspapeis arc icpoued The quotes I 01 the 1898 episode appeal 011 p 187. and 
those lor (lie paint ot 1907 appear 011 pp 280-82. 

(it 1 111 shipped 011 Aligns! a. 1898. and taking 10 d.ws lot dehscis would base 
armed in New Yoik on Angina 15. On dial dale. Spiague (1*110. p 187) u-pnitcd a 
range ol l-l 5 pettent in the bid quoie-s loi miieius Use ol die nnnunnm hid ol I 
perccin yields the most tonsenaine estnnales ol gold slnpmenl piolns nuoi|>oi.iiiiig 
the turrentv pieiinuni 
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November 2, and Novemtier 9. Ten days after these three dates, the currency 
premiums weie assumed to Ire 0.02, 0.035, and 0.0IS, 23 and the estimated 
profit rates on American gold imports were 0.820 percent, 2.81 percent, and 
0.387 percent, respectively. In fact, the currency premiums during the panic 
of 1907 were sufficient to offset increases in the exchange rate up to $4.8875. 
As noted by Sprague (1910, p. 283), this was a level “well above the gold 
export point in normal times, and still gold imports continued on a massive 
scale.” 24 


Appendix B 

The Effects of Third Countries on Predicted Gold Flows between 
the United States and Great Britain 

In Section IV above, 1 claimed that if it were profitable to ship gold it out the 
United States to ('.real Biitaiu, the United States should export gold and/or 
Britain should impoit gold. Likewise, if it were profitable to ship gold from 
Britain to the United States, Bntam should export gold and/or the United 
States should import gold. However, the analysis or the workings of the gold 
standaid conducted m Section l omitted consideration of other countries. 
What are the effects of this omission on predic lions of the signs of British and 
American net gold exports given violations ol the British-American gold 
points? For example, are there cases in which it is profitable to ship gold from 
the United States to Britain that, because of simultaneous violations of gold 
points with other count ties, it is more profitable for the United Stales to 
impoit gold from another country and/or for Britain to export gold to an- 
oilici country? The purpose of tins Appendix is to demonstrate that, under a 
given set of assumptions, such cases could not occur. 

Assume that there are thiec countries: A, B, and CL To simplify the analy¬ 
sis, assume that theie is only one cm rent y and that the price of goltl in cacti 
coimuv and the costs ol shipping gold between each pair of (enmities are 
expiessed in tet ms of that cm rent y l.et ( repiesent the pi ice of an ounce of 
gold in country i. and let denote the cost ol shipping an ounce of gold 
between countries i and j. 

The costs of international gold shipments are assumed to he inctcasing 


‘ I lie ciirieiiey picnmiin used in each case was the lower bound ol the daily range 
quoted by Spiaguc (191(1, pp. 2N0-82). 

' 1 It the (latency premiums that existed are ignoied, it appeared to be profitable to 
expoi t gold fiom the United States to (neat Britain on November 9, Hi, and 23, 1907. 
However, when die curl nicy premiums arc consult! ed, shipments of gold fiom die 
Umled Slates on these dales would have icsnlted in significant losses. 1 his is because 
the existence ol cuirenty piemittms in die United Slates raised the Amelicau gold 
export and British gold inipoil point'. To ship gold limn die United States to Britain 
on day t would require die initial conversion ol deposit balances into cunency at tile 
premium in effect on day /. The cunency premium f>, ulteix die American gold export 
and British gold impoit profitability conditions, respectively, in the following ways: 


r,Y 

(I + p,)X 


> 1 


+ h s,/ + b 


(A3) 


s,r 

(1 F P,)X 


(A4) 


> I + <1 K.I + '■ 
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functions of time. If it is further assumed that less time elapses when gold is 
shipped directly between any pair of counities (e g., from A to B) than when 
it goes indirectly via a third country (e.g., from A to C to B), then the follow¬ 
ing restrictions must hold: / A » + hit. > (\t 1 (am + <ai. > hit ; (\<. + h« > / mi ' 1 
These restrictions rule out the possibility that an etpial or lower profit could 
he earned on a direct gold shipment between any two countries than could lie 
earned on an indirect shipment between the two via a third tountrv. 

It is assumed that gold market participants in eatli tommy ate pi of 11 max¬ 
imizers and that at all limes they know the pi it e of goltl in cat h tounli \ and 
the costs of shipping gold between countries. Suppose (as in the estimation ol 
profit opportunities disc ussetl in Secs, i f anti III above) that an "outsidei "tail 
observe only G n , and ( AB . It (.' A < G B - l VB , it is profitable to ship gold 
from A to B, and the outside obsetver would predict that A would expon 
gold and B would impoil gold. Hciwever, since G ( , l\ t , and hit are nnoh- 
served, the outsider tannul he sme that a greatei profit tloes not simulta¬ 
neously exist that would lead to goltl flows othci than (torn A to B. Under the 
assumptions m.ttle hete, there ate six possible t ast-s given thal(#\ < (« B - t\ B 
(.ASF. I: (i\ < (#n — (\ B , and (# B — / B < (#( *- (#\ F (\t ■ 

In this case, the only gold point violation tsG \ < (# B - l\ B Market pai nt t- 
pants in A, B, arttl U will buy goltl in A, ship it to B. anil sell it thcie I he goltl 
flow I tom A to B will continue until (» ^ =* (; B - t XB anti the proht nppnruimtv 
is eliminated. 

(Iasf II: (»\ < (#u - I \n, anti (. \ + t< f. ( < (# B - l M . 

Under these conthtums, it is piofnahle to ship goltl (torn A to B. (tom -\ to 
C, and from to B. However, the profit on shipping goltl liotu A to B is 
greatet than the profit on shipping it Itom A to <. suit e (> B f\ B '• (< B - l B( 
- !\t, > (#( - t\ ( . Simtl.it Iv, suite G\ -t /\ B < (#\ + lu f / B) < .< r/ B( .the 

profit on shipping goltl from A to B exteeds the pioht on shipping it flout ( 
to B. Thus, since goltl shipments from A to B piodtue the highest piotu. 
market participants in A. B, ,mtl C will Imv gold m \. sbi|# •' H • ' - 'I ’ 
theie.' 1 ’ 

(.asf III: (» \ c. (# B — t\ and (#< (# \ - / \< 

lleie, it is probtable to ship gold liom A to B 
A. However, the piofit Itom U to B is giealei i 
since (# \ — I \( < (>'ii - (|k , anti the pioht fior 
proht ftotn A to B suite (., f- hit •-(><+ > 

goltl will How from U to B. 

(. asf. l\.(i\^(> B (\ B . a I it l (»| > (# B F h ,< 


In atltfilitm to taking more time to tomplctc. mtliicti gold shipments would also 
require mote paper wot k, inspet lions, anti othci ha lull mg 1 lie additional t h.u gt-s loi 
silth services would also increase die cost ol inductt gold shipments it lame to tft.it o! 
dirrtt goltl shipments 

J " It is usef ul to illustiale this tase with a iluineni al example \ssume (■ v = $2 hi. (,,, 
= SHOO, (= |27. r >, r XB = $50, t ~ $F0. ami t Bt - $20 Hit sc values s.uistv die 
conditions G A < (»' B — and G x F / v , *- G B - r B< and the lesiiu tiniisiinposcil 

on the shipping costs 1 he proht on shipping an onnte ol gold tiom \ to B is $20 1 lie 
profit on shipping an ounce of gold from A to (. or born C In It ismih $5 Given dial 
market participants m any country can Imv an ounce ot gold m \ tot $2 hi, ship u to B 
for $50, and sell it in B fol $300, shipments ol gold Itom A to (. or tnnn ( to 11 would 
result in opportunity losses of $ 15 pci ounce slupjx'd I Ivus, as long as the lomluions ot 
this case hold, the only gold How that will ottin is ilial liom A to II 
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In this rase, it is profitable to ship gold from A to B, from B to C, and from 
A to G. The profit from A to G is greater than the profit from B to C since G A 
+ Gc. < C n + / B (.. The profit from A to C is greater than that from A to B 
since G (; - Gc: > G< — ^ B< . — Gr > G B - Gh- Thus, gold will How from A to 
G. 

Gask V: G A < G a - Gn. (i\ - Gc: ~~ G< : , and either G (l < Gr - Gr: « G A + 
/■vc or G <: « G \ + Gc. < Gr — 

Here, there are profit opportunities for gold shipments from A to B and 
from G to B. fluid will How from A to B if G A + Gh < f >c + hu - Gold will flow 
from C to B if C,\ + Gh > G< + G<.. Gold will How front both A and G to B if 
G\ + Gh = G( + / B <. 

Case VI: G\ < G B — Gh. G ( . =2 G H + /rc, and either G.\ + l,\i. < Gr - Gr s 
Gc or Gr - Gc (>\ + Gc, < G, • 

In this <ase, there are ptolit opportunities on gold shipments from A to B 
and front A to G. Gold will How from A to B if G A — Gr > G< — I Gold will 
flow (loin A to G if Gr - Gr < G\- — Gc.- fluid will How from A to both B and 
G ll Gr - Gh ~ G<: - Gc . 

fhere are three other cases that are conceivable. Howevei. given the re¬ 
strictions placed ujroii the shipping costs, these cases cannot occur. 

(.ask VII. (* \ si G r — /\r, and Gr + Gc <1 G< G ^ -t- t\i 

Profits are indicated on gold shipments I tom A to B and from B to 
These inequalities also imply that all indirect gold shipment from A to B to G 
is profitable while a duet t shipment (torn A to G is not I hese inequalities 
cannot be satisfied since they reqtiiieG, •£ G \ + Gc G\ + Gn + hie <1 Gr 
+ hie <; Ge, 

f .ask VIII: G \ Gr - / A r, and ff r - hit ^ G( < (, ^ , 

Profiisaie indicated lot gold shipments Iron) A lo B and Iron) G to A. It is 
also possible to profit on at) indited gold shipment fiom G to A lo B while a 
duett shipment from G to B is unprofitable. I hese inequalities cannot be 
satisfied bet ause ihev require G< < (1 x - Gc < G« ~ Gtc _ Gc < Gn - Gc 
G, 

(.ask IX: fi \ <-’ Gr — /\ r, and ff r -t hie f»t f* \ — Gc ■ 

Ibis might be leiined the 'meiiv-go-ioinul case" since profits can lie 
earned cm gold shipments (tom A to B. from B lo G. and from G to A It 
cannot occtit because it requires G ( <G\ - Gc <(‘\ +• Gr + hie < Gr + hit 
< G<. 

In the lust six cases that are possible, there ate only three potential gold 
Hows that maximize profits' fiom A to B, from A to G, and (torn G lo B. 

I hus, when it is piofilable to ship gold fiom A to B, A will export gold anel/ot 
B will mipoit gold. Gold would he moving m unprohiable directions it eitliei 
A wete to nnpoit gold oi B weie to export gold when G v <, Gr - Git- 

Based on these arguments, it does not appeal that the lac k of information 
about oilier countries undermines the set oriel criterion lor maiket efficiency 
employed in Section IV above II it was prolitable to ship gold from the 
United States to Great Britain, the L’niteel States should have expotted gold 
and/or Britain should have imported gold Likewise, il it was piohtahle to 
ship gold from Britain to the United States, Britain should have exported 
gold and/or the United States should have imported gold. If the gold stan¬ 
dard system was functioning efficiently, gold should not have flowed into one 
ol these countries when it was profitable for that country to exjiort gold to ibr¬ 
other, and gold should not have flowed out of one ol these countries w hen it 
was profitable for that cmniliy to impoit gold from lhe other. 
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This paper develops a simple general equilibrium model with se¬ 
quential search in which a nondegenerate wage oiler disttibution is 
endogenously determined. We use this model to analyze the com¬ 
parative statics diet is ol increases in unemployment compensation 
on the unemployment rate and aggregate welfare taking into ac¬ 
count the induced t hange in (he wage oiler distribution. Our results 
differ significantly from the predictions of the standard “pattial- 
paitia!" model, for example, one can expect a selective increase in 
unemployment compensation, made available to those who impute a 
relatively low value to leisure, to decrease the equilibrium rate of 
unemployment. 


I. Introduction 

This paper develops a simple equilibrium model of search unemploy¬ 
ment. By this term we mean the unemployment resulting front the 
rational rejection of available wage offers by unemployed job seekers 
in favor of further search for more lucrative offers. We focus on the 
effects of unemployment compensation on the equilibrium rate of 
search unemployment, both because unemployment compensation is 
an important policy issue and because the standard analysis of unein- 
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ployment compensation provides a convenient straw man against 
which to motivate our approach. 

According to the standard search-theoretic model, an increase in 
unemployment compensation lowers the net cost of search to the 
unemployed, resulting in an increase in reservation wages and a con¬ 
sequent increase in the expected duration of search. 1 2 I he key as¬ 
sumption underlying this model is that the wage oiler distribution 
from which individuals search is exogenously given. 1 his assumption 
is important for two reasons. First, we have no assurance that the idea 
of sequential search from a nondegenerate wage oiler distribution 
makes any sense in equilibrium. 1 here exists no simple general equi¬ 
librium model in which optimi/ing wage offers by firms combined 
with optimizing sequential search strategies by individuals result in a 
nondegenerate equilibrium wage offer distiibution." Second, even if 
one were to presume the existence ot a nondegenerate equilibrium 
wage offer distribution, one would expect an increase in unemploy¬ 
ment compensation to change that distribution. Since the standard 
comparative statics analysis of the effects of unemployment compen¬ 
sation is based on the notion of an exogenous and unchanging 'sage 
offer distribution, that analysis would seem to be of limited relevance 
(cf. Rosen 1977). 

In this paper we develop a simple steady-state general equilibrium 
model with sequential search in which a nondegeneiate wage offer 
distribution is endogenously detetmined. I he scan h unemplov merit 
associated with the wage offer distribution is a Nash equilibnuin out¬ 
come in the sense of being generated b\ the siinulianc <m* onimn/m > 
behavior of firms and individuals in the cna 
wage offer distribution and hence the c<, 
rate will vary with the amount of unemplo 
able. We can therefore carry out a com pat 
effects of unemployment compensation t d 
dogeneilv of the wage offer distribution 

1 I he model midc-i Icing this resuli is piesenied. e i; . m I , , 

1976ft) An example of ihc coiisideiahlc impnual woik ihu .. 
predictions ol the theoiv is frhrcnbetg and Oaxaca (l‘f7m Ihc dteds « ! 
"experience rating" m the system of financing uiicmploxmem conqxnsatioii on ihe 
temporal y layoff policies of lums h.ixe l)een siiessed by Hldstrm (l‘Cnr .nit! m 
emphasized in the sm\e\ paper by 1 opel and Welch (19SIM We «lo uni dial wtili tv 
periente-rating issues in this papei 

2 I his is the well-known Rothschild (1973) c mu ism of the par tial-pai Hal natine of 
search theory Iheie ate social models in ihc hiciauiie that feature nondegt net ate 
endogenous wage (or price) of fer distributions (e g . Salop and Slight/ l'>77) Howe m i 
almost all ol these* models ait* based on nonsequential. iiv»xv. oi pinch ad hoc s*aub 
strategies; r e., “dispersion equilibrium" is atiained by sacnlumg the tenet ol sequential 
search Ihree paitial equilibrium models based on the sequential search strategy that 
geneiate dispersion equilibria die Axcll (1977). Retnganiim (I'lTMi, and Hurdett and 
Mortensen (19N0). 


s 
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The basic ideas underlying our model are simple. We consider an 
economy in which a single good is produced with labor as the sole 
factor of production. Time is accounted in discrete periods, and in 
any period there are k individuals and n firms in the economy. Firms 
exist in perpetuity, but individuals suffer a constant "death risk” of t 
(0 < t < 1) in the sense that an individual will exit the economy with 
probability t at the end of any period. There is thus a How of t& 
individuals into and out of the economy per period. 

The product market is assumed to be an “auctioneer market” char¬ 
acterized by perfect information. Accordingly, all firms must offer 
the product for sale at a c ommon price, which we normalize to unity. 
The labor market, on the other hand, is assumed to be a “search 
market" characterized by imperfect information in the standard 
search-theoretic sense of individuals knowing the form of the wage 
offer distribution but not knowing (prior to seaich) the identity of 
firms making particular of fers. 

The simplest way to generate “dispersion equilibria” in a model of 
this type is to allow for heterogeneity among individuals and/or firms. 
Our key assumption is that there are two types of individuals in the 
economy differing according to the value “imputed” to leisure. This 
assumption ensures that there can be at most two wages offered in 
equilibrium. 

Assume for the moment the existence of the two-wage dispersion 
equilibrium, let 7c' <t and w t denote the low and high wage, respec¬ 
tively, and let y denote the fraction ol firms offering the low wage. In 
equilibrium 7<v> must be the reservation wage of those individuals who 
impute a low value to leisure, and w, must he the reservation wage of 
those who impute a high value to leisure. Individuals who place a low 
value cm leisure will accept the fust wage offer encountered, whereas 
those who place a high value cm leisure will search until they en¬ 
counter icq. The amount of search in the economy—the unemploy¬ 
ment rate—is therefore an increasing function of y. 

The requirement that re,, and ccq he reservation wages leads to two 
equilibrium conditions relating 7c„, uq, and y. The third equilibiiuin 
condition is provided by the requirement that each firm make a 
profit-maximizing choice between w <, and w t . That some firms prefer 
to offer Wo while others prefer to offer 7/q is ensured by allowing for 
heterogeneity among firms. Specifically, we assume a continuum of 
firms differing according to a “productivity index. 


5 An alternative way to close llic model is to assume homogeneous firms and impose 
an “equal profits” condition, i e., to require that all films be indifferent between offer¬ 
ing as, and w,. ilowevci, existence ol the Iwo-wage dispersion equilibrium becomes 
tenuous with this approach. 



SEARCH UNEMPLOYMENT 


827 

In the sections that follow we first specify the decision problems 
faced by utility-maximizing individuals and profit-maximizing firms, 
allowing us to derive the three equilibrium conditions relating w„, w h 
and y (Secs. II and 111). In Section IV we establish a simple sufficient 
condition for the existence of the two-wage dispersion equilibrium, 
and in Section V we examine the comparative statics of increases in 
unemployment compensation. The effects of an increase in unem¬ 
ployment compensation will in general depend upon the distribution 
of the productivity index; however, for a broad class of distribution 
functions we show that a general increase in unemployment compen¬ 
sation increases the equilibrium unemployment rate, even when the 
endogeneity of the wage offer distribution is taken into account. 
However, a selective increase in unemployment compensation, gi\en 
only to individuals who place a low value on leisure, will, for the same 
class of distributions, decrease the equilibrium unemployment rate. 
In Section VI we examine the efficiency implications of unemploy¬ 
ment compensation. In our model, increases in unemployment com¬ 
pensation can enhance welfare by reallocating workers to more pro¬ 
ductive firms, even in the face of increasing unemployment, and we 
present a simple example to illustrate this effect. Finally, in Section 
VII we offer a concluding discussion. 

II. Individuals 

An individual entering the economy in am peiiod is assumed to 

follow an optimal sequential search strategy with 

imi/ing expected lifetime utility. His utilitv '• 

to be of the form u = x 4- vtn, that is. u 

consumption (a) and leisure (w). The pai.n 

sumption value" to leisure. 

lhe variable in takes on the value of /< 
whether the individual is working or scauii. 
variable x is given by the sum of consumptions om 
wage incomes. If the individual is wot king at a wage ui ... men ms 
wage income is w; otherwise his wage income is zero. Nonwage in¬ 
come consists of “dividends,” (f, that is, the individual's pel pet tod 
share in economy-wide profits plus any unemplovment compensa¬ 
tion, b, received. Unemployment compensation is financed by lump¬ 
sum taxation out of dividends. Dividends are received whether the 
individual is working or searching, 1 whereas unemployment compen- 

* Note that dhidends theielore do not enter the mdiuduals decision calculus We 
take advantage ol this to assume that unemplov ment tompensaiion is financed out of 
dividends We are therefore ahle to abstiact fiom am effects hiought al*>ut h\ the 
system of financing unemplosmetu compensation. 
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sation is received only during periods of search. Individual utility in 
any period is thus given by 

w + 0 if working at a wage of iv 

« = ... ( 1 ) 

.0 + b + v if searching. 

The individual’s search problem is as follows. When he enters the 
economy, he diaws a wage of w at random from the wage offer 
distribution. If he accepts w, then he starts work immediately, supply¬ 
ing one unit of labor and consuming w + 6 per period, and he 
continues to work at that wage for the duration of his lifetime. If, on 
1 he other hand, he rejects w, then he “consumes” an imputed leisure 
of v, receives a nonwage income of 0 + b, and with probability 1 - t 
survives to draw another wage at random from the wage olfer distri¬ 
bution in the next period. Note that since an individual’s lifetime is a 
"memoryless” random variable—that is, the “death risk” is constant— 
an individual who survives to draw another wage faces a decision 
problem identical to the one faced on entering the economy. 

We assume two classes of individuals differing according to “leisure 
values.” Let (3 denote the fraction of individuals with low values of 
leisure, t' ( >, and let 1 - (3 denote the fraction with high values of 
leisure, i>]. All individuals dtaw from the two-point wage offer distri¬ 
bution, drawing a wage of «><> with probability y and a wage of uq with 
probability 1 - y. 

In order for (u\ )( 101 , y) to be an equilibrium distribution, u< t \ must be 
the reservation wage of the u () individuals and uq must be the reserva¬ 
tion wage of the iq individuals. If ui () were less than the reservation 
wage of the ii () individuals, then hints offering u>« could attract no 
workers. If, on the other hand, «’<> were to exceed the reservation 
wage of the v (l individuals, then any firm of fering u»o could reduce its 
wage offer without suffering any loss in labor supply. Likewise, to 
attract any tq individuals, uq must be no less than the reservation wage 
of that group. On the other hand, were uq to exceed the tq individ¬ 
uals’ reservation wage, then uq could be reduced without any loss in 
labor supply. 

These facts allow us to derive two equilibrium conditions relating 
u'o, wq, and y. Consider an individual with value of leisure i/ () who has 
drawn a wage of wo- If he rejects w 0 , then he enjoys a period of leisure 
valued at i< () , receives a nonwage income of 0 + b, and with probability 
1 — t survives to draw another wage. The wage samjrled on the 
subsequent draw equals uq with probability 1 — y; and if uq is in f act 
drawn, then that wage is accepted, leading to an expected future 
lifetime utility of (uq + 0)/r. Otherwise the search process continues. 
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Thus, the value of further search, that is, the value of rejecting u'<>, is 


v* = v„ + b + e + (i 


T J (1 - y)(u>i + 8) 


+ yF* 


or 


V* = 1,(1 + b + (I ~ 7)d ~ t) «’i + _0_ 

1 — *y( 1 — T) 1 - -y( 1 - t) t t 

But if z/» () is the reservation wage for individuals, then V* = 
(te () + 0 )/t, the value of accepting u>„. Thus we have 


it'd 


(1 - -y)( 1 - t) + Tft'o + l>) 

1 - 7(1 - t) 1 1 - 7(1 - T) 


( 2 ) 


The reservation wage property of icy is even simpler. 1 he value of 
rejecting 70 1 equals (u i + b f 0 )/t, whereas the value of accepting w\ is 
(70 1 + 0)/t. Thus, 

701 - 7'1 — b = (>: (.8) 


III. Firms 

Firms are assumed to produce according to the linear production 
functions y = X/, where the "productivitv index" (output '•niT i \ is 
distributed across firms according to the dtsti’ 1 
As a normalization, we take the support <" 
denote the per period labor supply to a In m 
u). I hen the profits of a firm with produc mu 
its wage offer re are simply ri(ie; X) - (X 
In a dispersion equilibrium, a f i at lion y <■ 

Wo and a fraction 1 - y offers uy. ( The com , , 

be defined below.) The requirement that hum u.i„ 
maximizing gives the final equilibrium condition h luting u,,. |, unu 

y. The derivation of this equilibrium condition is tlliisirated m liguie 
1. First, firms with X j,.,, clo not operate, hence, onlv a true non 1 
A(ai(i) of all firms is “active.” We assume that individuals seaich onlv 


5 In partial equilibiium sc.mli models a common necossan toiuliiion loi die exis- 
tcncc of a nondegenerale wage (or price) ehsnibulion is that die disu ibmiim ot “se.iuli 
costs” not be bounded away from zero (see Asc-ll 1077) In die' xcnci.il cquilibiinni 
context the forgone wage component ot scale h cost is cndogcnoiish delei mined so ib.it 
ibis necessary condition is automatically mcl 

Wc will assume tli.it X has a diffciciiliable densits limctioii. »t\). whenever it is 
convenient lo do so. 
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from active firms. Next, let k* be defined by k*) — Flft/'i; X*); 

that is, X* is the productivity index sudi that a linn is indifferent 
between offering w,> and u>j. Firms with u>n < k « k* will offer w lu 
while firms with \* < k 1 will offer «'|. Heme we have the etptihh- 
num condition 


where 


-- A(zc„) 

1 - d(ti'o) 


(4) 


/(«',) - /<«'.») ' 

Finally, we need to deiive /(«'<,) and /(j r,). Consider a firm offering 
Only individuals vvith the low value ol leisure, v (l , will accept this 
offer. 1 here are tA’P r„ individuals entering the economy per pet lod, 
and if we let |x = khi\ 1 - /1(rc'„)|, the t.itio of individuals to art is e 

firms, then there are such individuals per active firm entering the 
economy each period. All of the TgP v,, individuals contacting a firm 
offeting as, will accept that offer; hence, /(rt' ( >) can be computed as die 
sum of the Tg.p individuals who accept ic,, in the current petiod, the 
(1 - t)tp 3 surviving individuals who accepted v\> in the previous 
period, and so on; that is, 

/(«'») = T|XP[1 + (l ~ T) + (l - T)- + . . .], 


or 


(«>) 


/(in,,) - g-P- 
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Next, consider a firm offering v>\. All individuals contacting this 
firm accept uq, and the number of contacts per firm per period is the 
sum of the 


Tp.(3 

i>d - P) 

TfL(! - 0)yd - t) 
t(jU1 - 0)y 2 d - t) 2 


i'o individuals entering the economy 
V] individuals entering the economy 
t'i individuals who have searched once 
t'i individuals who have searched twice 


Thus, the number of acceptances per period is 

T>p 4- TpL(l - |3)[1 4 -yd - t) + y~( 1 - T) 1 -’ 4- . . .) 


= TpP + 


Tft(l ~ P) 

I -y(l - t)’ 


implying a labor supply of 

«■-'> “ <# * 

Note (fiat we base derived the equilibrium u 
the fraction of individuals seaic hing in anv 1 
period there are tA:( 1 - fi)y individuals vs 1 o 

time, tA( I - P)y 2 (l - t) individuals who w . 
lime, and so on: the equilibrium uuemplov 

v = t(I - p)y( 1 f yd - t) 4- y \ 1 


1 1 l 


or 


= t( 1 - p)y 

1 — y( 1 — t)' 


(8) 


Since c/v/c/y = t( 1 — p)/[ 1 — y(l — t)J j , the equilibrium unemplov- 
ment rate is an increasing function of y, as required. 


IV. Equilibrium 

file discussion above has established conditions that necessanlv must 
hold given the existence of a two-wage dispersion eqmlibi him. Befoie 
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using these conditions to investigate the properties of a dispersion 
equilibrium, we need to examine conditions sufficient for existence in 
terms of the exogenously given parameters of the model in order to 
ensure that the concept of the dispersion equilibrium is not vacuous. 

It is useful to refer back to figure 1 to see what is involved. What 
needs to be ensured is that some firms have the incentive to “outbid” 
other, less productive firms. 7 Since we have normalized the support of 
X to be (0, 11, this is equivalent to ensuring 0 < X* < 1. 1'he cutoff 
productivity X* is easily expressible in terms of the exogenous param¬ 
eters of the model. From (5) we have 

\* = ~ = + ~ »'o)/(a\>) 

/(w,) - t(w„) U[ /(joj) - l(w o) 

_ , (;c, - 

(1 - P)/[l - y(l -T)]’ 

using (6) and (7). But «q ~ w„ = T(tq - j>„)/[1 - -y( 1 - t)], using (2) 
and (3); hence 


x. - „ + „ + ,9, 

The condition 0 < X* < 1 is thus easily satisfied by a wide range of 
plausible choices for t, (}, r ( >, and tq. 

To see that a “wide range of plausible choices" does indeed exist, it 
is useful to (onsider the alternatives. II X* "S 0, then necessarily tq +- b 
< 0; that is, even given the existence of unemployment compensation, 
all workers find the prosper t of leisure so loathsome that they would 
instead be willing to work at a negative wage. In this case the equilib- 
tium outcome will be lull employment at the universal (negative) 
wage of ci + b. The case of X* 5* 1 tomes about if the value placet! on 
leisure by the tq individuals and/or the level of unemployment com¬ 
pensation is high enough to induce iq individuals to reject all wage 
offeis any firm could profitably of fer. In this case (given also that x»o + 
b =£ 1) the equilibrium outcome will be a single wage of v () + b together 
with an equilibrium unemployment (or nonparticipation) rate of 

I - P 


7 Since unemployment compensation is finaneed by lump-sum taxation out of divi¬ 
dends (see 11 . 4 above), we need also to ensuie dial lotal unemployment compensation 
payments do not exhaust dividends. That is. on a per capita basis we recpiite that eft ^ 6. 
For a fixed dismhution ot productivities this implies an upper limit on ft. Alternatively, 
this upper limit can he c hanged by < hanging ihe assumed distribution of piodiiciivities. 
I 11 the analysis below this condition is always assumed to be satisfied. 
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V. Comparative Statics 

We are now in a position to examine how the equilibrium wage distri¬ 
bution (i.e., wo, m t , and y) varies with the level of unemployment 
compensation. 

Proposition ! : A general increase in unemployment compensa¬ 
tion has the following effects on the equilibrium wage distribution: 

dy _ [1 - y(l - t)][a(\*) - (1 - y)a(u'i,)] )( 

db A 


dwg 

db 


[1 - /t(a>„)j[ 1 - 7(1 - t)] -«(\*)(1 - t)(tci 

A 

du' i _ 
db 


( 10 b) 

< 1(>0 


where A = [1 - d(;/'„))[! — -y( 1 - t)] - «(«•»)( 1 - 7)0 - 

T)(!C, - Wit). 

Proof: Rewrite the equilibrium conditions as 

[l - y(l - T)]ui 0 - (1 - y)(l - t)( vi + b) - t(v 0 + 6) = 0 


MW - A(w< t ) - yfl - d(t/'o)] = 0. 


regarding 7 , w, h and A* as implicit functions of h. Recall ft out |9) that 
d\*ldb = 1. Differentiating the equilibrium conditions with inspect to 
b then gives the following pair of equations: 


'(1 

-[1 


T)(f| + b 

Mum) I 




[1 - 7(1 - T)j 
(1 - 7)c/(te 0 ) . 


dy'db 1 

d 


the solution to which is given by (1 Oa) and 
follows directly from (3). 

The expressions above are ruthei fm mid 
that anything is possible depending on the d. 
tivity index. However, it is possible to dense .... 
results for a broad class of distribution functions. 

Proposition 2: Suppose <i'{k*) 3= 0, that is, the density function ot 
the productivity index is nondecreasing. 1 hen a general me lease in 
unemployment compensation (t) leads to an me lease in the equilib¬ 
rium rate of unemployment, that is, dy/db > 0. and (n) leads to a 
“widening” of the wage distribution, that is. du^/db < duy'db = 1 
Proof: (i) If «’(A) 3* 0, then «(A*) 3= n(?»’,>). implying that the 
numerator of (10a) is positive. To show that die denominator is un¬ 
ambiguously positive, use 






* 


d («' I ) = d(lt'o) + O (iC'oKtC 1 , - 11’,l) + 


>) 


(o'| 
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for some w between w „ and u' t . Then rewrite the denominator as 
A = [1 - -y(l - t)][ 1 - /!(«>„) - fl(u'„)(ui| - u> 0 )l + Tfl(ai 0 )(ut, - i(> n ) 


= [1 - 7(1 - T))[ 1 - A(71<|) + — (u>i - w'o)^l 


+ T«(u<o)(u>| - W „), 

which is positive since 1 - /4(a>i) > 0 and S' 0. (ii) The result for 
(tu’oldb follows from n{\*) > (I - y)ti(w 0 ). 

Proposition 8: Suppose again that T(X) 3= 0. Then a selective 
increase in unemployment compensation granted only to those with a 
low imputed value of leisure leads to a decrease in the equilibrium 
unemployment late. 

Proof: The selective increase in unemployment compensation 
implies 

d\* _ tP 
tlh 1 - 3 


Differentiating the equilibrium conditions with respect to b then 
yields 


"(1 - T)(r, 4- I) - U’o) 

-I - d(te„) 


1 -7(1 - t) 

" dyldb 

«(«'„)(! - 7 )- 

jlwjdb. 


1 -«(X*)1tP/(J - p))J 
or 

dy _ -tu(«'„)(1 - 7 ) - fl - 7(1 - ~ P)| „ n 

db A 

where A > 0 is as given in the proof of the second proposition. 

The intuition behind these results is not difficult. A general in¬ 
crease in unemployment compensation has the direct effect of in¬ 
creasing the high wage offer since the reservation wage of those who 
place the highest value on leisure varies directly with b. The effect on 
the low wage offer is less clear-cut. On the one hand, an increase in 
unemployment compensation increases the per period utility value of 
search. On the other hand, if 7 increases, the probability that search 
will pay off decreases. Thus, so long as dy/db > 0, the low wage offer 
will increase by less than the high wage offer. The presumption that 
7 will increase follows from the necessary increase in X*. the cutoff 
productivity. Thai is, an increase in unemployment compensation 
necessarily implies that the number of firms offering w \ must decrease. 
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The condition that the density function of X he nondecreasing en¬ 
sures that the decrease in the number of firms offering W\ is not more 
than offset by any decrease in the number of firms offering w 0 . 

However, if the increase in unemployment compensation is di¬ 
rected solely toward those with a low imputed value of leisure, then vy 
is unaffected. Individuals with the low leisure value begin to search 
more aggressively and the cutoff productivity X* falls. Again, the 
condition that the density function of X he nondecreasing ensures that 
a decrease in X* translates to a decrease in y. 


VI. Efficiency 

We have established that a general increase in unemployment com¬ 
pensation leads to increased unemployment for a broad class of distri¬ 
bution functions of productivity. One should not, however, be 
tempted to use this result to conclude that unemployment compensa¬ 
tion is inefficient, that is, that the soctally optimal level of uncmplov- 
ment compensation is zero. 

Suppose the social objective function ts per capita utility, tc* = x* t 
i'i.t, that is, per capita consumption plus the value imputed to per 
capita leisure. To cleiive equilibrium per i.ipita production ( = equi¬ 
librium per capita consumption), first compute tola! pioduc lion as the 
sum of production from low-wage (inns and high-wage linns, total 
production from (intis offering w,, may be computed as die piodui 1 
of tlnee terms—(i) the number of firms olleiim.’ 
d(«»o)]), (ii) /(tco), and (iii) the average piod 
w’«(= /i.*XcM(X)/(d(X*) - d(H’„)|). filial is. • 
wage linns is simply \dA{\), and. 

lion from high-wage firms is u/(i' , i)/J v .Xc/.l( * 
capita consumption is 

/(«■„) [ + /(.. 



1 

|i.[l - A (!('„)] 


-1 

t(iVn) \<L\{ A) 


+ [/(*<’») 


j* i 

/(«■„) 1 Xi/.KX) j. 


or 


.v* 


[' XdA(X) (1 - PK1 - 7 ) f‘ 

P L„ 1 - A (ii'o) 1 - -y( I - t) v* 


kit A (X) 


(III 


I • ,-HX*) 
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Letij = ry/[l — y(l — t)], that is, the unemployment rate among the 
i>, individuals. Then 
ri 

A ft f\ I A 1 

+ (i - m - s ,) 


r* \ 

** = p - — 

JU’.< 1 


dA (X) 


A (ji'o) 


[' Xd 

.x* 1 - 


XdAjX) 


A(k*)’ 


so that per capita utility is given by 


'* Xr, 

L, i - 


XdA(X) 


A(w„) 


+ (i - 



XdAjX) 

I - A(X*) 


■' (X - k,) cM(X) 

a* r=iwr 


( 12 ) 


'I lie first two terms in (12) give “full-employment output," that is, the 
hypothetical level of pet capita consumption that would be attained 
with full employment, and the last term gives the utility loss from 
unemployment. 

The temptation to conclude that unemployment compensation 
must be socially inefficient results from the fact that so long as tlshib s* 
I), the utility loss from unemployment is increasing in b. The obvious 
point is that this temptation founders on the fact that full- 
employment output also depends on b. An increase in unemployment 
compensation causes the wage distribution to change in such a way 
that those who search (the individuals) are induced to seek out 
more productive firms. I.ikewise, if du\Jdb > 0, those who do not 
search will also become employed by more productive firms, l’he 
change in the wage distribution drives the least efficient firms out of 
the market. 8 

The trade-off between these two effects depends on the distribu¬ 
tion function of X. To provide some illustialiou we examine the sim¬ 
plest possible example, namely, A(X) = X, 0 *£ X 1. The unifoim 
distribution is particularly simple because it allows one to use the 
equilibtium conditions to find y (or u'«) as the solution to a simple 
second-order equation. Once one strives for y and tc () , the computa¬ 
tion of s and «* is straightforward. 

fable 1 presents the equilibrium variables as functions of the level 
of unemployment compensation for selected values of t and 3, taking 
t'o = 0 and n| = 0.25. Starting with b = 0, we compute u>»(b), uii(b), 
y(b), 4 (b), and u*(b) for increments of 0.05 in b up to the point where 
X* 2 ; 1. These examples suggest that the optimal level of unetnploy- 


M Unemployment compensation tints enhances elltcicniy by improving the match 
between workers and firms, t his is not, howevei, a matching model in the standard 
sense since all individuals ate equally productive at any given firm For a matching 
model giving an efficiency analysis of unemployment compensation, see Diamond 
(1981) 
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ment compensation can be quite “high” relative to wages actually 
paid, 9 “despite” the fact that s(b) is increasing in b, as indicated by our 
second proposition. 

VII. Conclusion 

In this paper we have developed a simple general equilibrium model 
of search unemployment and used the model to analyze the effects ol 
unemployment compensation. The key feature of the model is the 
endogeneity of the wage offer distribution. We are thus able to (i) 
establish the logical consistency of sequential search as a general equi¬ 
librium phenomenon and (ii) analyze the comparative statics effects 
of increases in unemployment compensation taking into account the 
induced change in the wage offer distribution. 

Our results on the effects of increasing unemployment compensa¬ 
tion differ significantly from the corresponding effetls predicted by 
the standard “partial-partial” model. Although one tan expect a gen¬ 
eral increase in unemployment compensation to increase the equilib¬ 
rium rate of unemployment, the direct incentive effect for individuals 
can be offset by films' adjustment of the wage offer distribution to a 
considerable degree. More strikingly, one can expect a selective in¬ 
crease in unemployment compensation, made available to those who 
impute a relatively low value to leisure, to decrease the equilibrium 
rate of unemployment. This latter result is straightforward in our 
model but absurd under the standard approach. 

Our results on the efficiency aspects of increasing unemployment 
compensation are also straighlloi ward. I he point is that increases in 
unemployment compensation bring about a realloc alion of workers to 
more productive films as a result of the change in the wage offer 
distribution. Of course this result is a tlireti consequence of the as¬ 
sumption about firm heterogeneity we made to close the model. How¬ 
ever, it should he understood that the existence of an equilibrium 
wage dispersion seems to require assumptions that inevitably imply 
some sort of reallocation effect. 

Although our mode! is of course stylized in many respects, it should 
be possible to weaken several of the key assumptions. Some obvious 
extensions would be (i) to assume more than two classes ol individ¬ 
uals, (ii) to allow lor a more general (e.g., nonadditive) utility func¬ 
tion, and (iii) to consider alternative systems of financing unemploy¬ 
ment compensation (e.g., by lump-sum taxation out of profits or by a 
uniform tax on wages). The main effect of these extensions seems to 


1 Ol course, this is 10 sonic dcgice ,111 jiiiLut 1 >1 our choices lot i>,, and 1 a in 1 lit* 
example 



SEARCH UNEMPLOYMENT 


»39 

be to complicate the arithmetic, eliminating the determinate, and thus 
didactic, flavor of the results. However, the primary moral of this 
paper, the need to explicitly take into account the endogeneity of the 
wage offer distribution, undoubtedly emerges unscathed. 

A much more difficult extension, and one that is beyond the scope 
of this paper, would be to relax the steady-state nature of the analysis 
to explicitly study the dynamics associated with a change in the level 
of unemployment compensation. The reason that dynamics would be 
so difficult in a model of this type is that the reactions of both sides of 
the market (i.e., both individuals and firms) to a perturbation to an 
initial steady-state equilibrium need to be modelled, with each agent's 
optimal reaction depending on the optimal reactions of all other 
agents. One can reasonably expect, however, that dynamic considera¬ 
tions would not change the basic thrust of the analysis since, as a 
referee has helpfully emphasized, there is no stexk variable in the 
model that is affected by the path taken from one steady state to 
another. 

Finally, we conclude with an appeal to the empirically minded not 
to reject equilibrium models of search unemployment as irrelevant 
theorizing. Although the predictions of the “partial-partial” search 
model seem to be regarded as firmly established in the empirical 
folklore, we teinain doubtful. First, at least one group of economett i- 
ctans (Atkinson et al. 1981) has suggested that existing clear-cut em¬ 
pirical results on the effects of unemployment compensation are to 
some extent an artifact of artful specification. Second, and mote lim- 
damenial, most empirical work in this area seems >• 
question. The typical cross-section or pane 1 
question of whether individuals who receive 
employment compensation search more than 
generous compensation, holding other ditte- 
utils constant. But the relevant policy quest t<- 
characterized by relatively more generous mu 
lion have more search unemployment than cm • 
generous compensation. Such a question requites an ccjuitmimm an 
swer. 
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ety would wish to discount future utilities or consumer sur¬ 
pluses. 1 think a modern economist would take that possibil¬ 
ity more seriously. It is certainly a potentially important 
question, because the discount rate determines the whole tilt 
of the equilibrium production schedule. If it is true that the 
market rate of interest exceeds the social rate of lime prefer¬ 
ence, then scarcity rents and market prices will rise faster 
than they “ought to” and production will have to fall corre¬ 
spondingly faster along the demand curve. Thus the re¬ 
source will be exploited too fast and exhausted too soon. 

Similarly, Kay and Mirrtees (1975, p. 165) have argued that “a general 
bias in the economy to consume now and leave too little to our chil¬ 
dren or our future selves . . . would be reflected in high rates of 
interest, which will lead to somewhat more rapid depletion of re¬ 
sources." 

A 11 explicit statement of the comjjarative static proposition implicit 
in the arguments above is provided by Meade (1975, p. 117): “This 
reduction in the market rate of interest . . . would stimulate invest¬ 
ment in oii-in-lhe-ground to carry oil over from this year's to next 
year’s consumption, or, in other words, it would ciuoutage the con¬ 
servation in the ground of oil which would otherwise have been 
pumped for use this year." 

My object in this paper is to investigate the validity of the above 
comparative static proposition, which is without doubt a central one in 
the economic theory of exhaustible resources. To this end, in Section 
II 1 develop a simple resource-substitute model that explicitly allows 
for the need for capital (as well as other inputs) in botli extraction of 
the resource and production of a substitute. In Section III, I use this 
model to argue that, despite a widespread belief in it, the conven¬ 
tional wisdom that a reduction (increase) in the rate of interest would 
lead to a slower (faster) depletion of exhaustible resources is not gen¬ 
erally valid. I show that, for exhaustible resources, the allocative ef fect 
of a change in the discount rate depends on capital requirements for 
the development and production of the substitute, on capital costs in 
resource extraction, and in particular on the si/e of the stock. Indeed, 
1 show that there always exist at least two ranges of the resource stock 
si/e for which the conventional proposition is invalid. Section IV of¬ 
fers some concluding remarks. 

II. The Model 

Consider a competitive economy that has the following characteris¬ 
tics: 2 

1 the argcwienls to be made will bold equally for a socially planned economy. 
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C|i It is endowed with a known finite stock of an exhaustible re¬ 
source, S. 

()•>: There is an extraction technology that, for the sake of simplic¬ 
ity, is assumed to possess constant returns to scale and to remain 
unchanged over time. Given this technology and the set of input 
prices in the economy, the unit cost of resource extraction can he 
described by the cost function 

c = c(r, w), (1) 

where < is the minimum cost of extracting a unit of the resolute at any 
time, r is the interest rate on capital, and w is the vector of prices of all 
other inputs. The cost functions used hereafter are taken to be con¬ 
tinuous in their arguments and continuously differentiable. 

Cm-' The benefits from the use of the resource are measured in 
monetary units by V(p,), where 

V(p,) = l /[*(/>,)] (2) 

and where p, denotes the price of a unit of the resource at time I and 
x(pi) denotes the market demand function that is assumed to satisfy 

x'(pi) < 0 and, to avoid corner problems, liup,__ x{p,) = 0 and lint/, 

x(p,) = x - Assuming that the marginal utility of income is constant, 
the gross benefit (consumer surplus) therefore is evaluated (torn the 
market demand function according to (’(x) = J7 p[\)ilx, where /dv) is 
the inverse of the demand function x(p). So, differentiating (2) with 
respect to p, and noting that i"(x) - p(\). one has 

l"(/k) = p,x'(p,). 

I shall presently introduce a perfect suhstin 
that (2) and (3) would be interpreted as t elet 11 
and its substitute. 

Cp Future benefits are discounted at a cm 
assumption that capital markets are pet feu. 
rale of interest. 

Cp. Following Nordhaus(1973), I assume that the u. 
economy allows the procurement of a perfect substitute lor the ex¬ 
haustible resource, possibly at a cost that is higher than the cut rent 
price of the resource, but on an effectively inexhaustible rcsoutce 
base. For instance, we can think ol crude oil as the exhaustible ic- 
source and the breeder reactor as an approximation of the substitute 
technology. Assume that the economy already has access to this tech¬ 
nology and that there is no capacity constraint on production of the 
substitute. For expository convenience, also assume that returns to 
scale in production of the substitute are constant, so that the unit 
production cost of the substitute can be written ns 

p = p(r. w). 


(D 
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where p is the minimum production cost per unit of the substitute, 
which, for any given factor price, exceeds the unit extraction cost of 
the resource, r. 

The problem f acing such an economy is to choose the price path of 
the resource p, and the date T at which the substitute should replace 
the resource to maximize IV, the present net benefit from the deple¬ 
tion of the resource slock, and the use of the substitute. Formally, the 
problem is 1 

max W = [ e "{V(p,) - x(p,)c(r, w)]rff 
</>,}. r 

(5) 

+ f-"[V(p l ) - x(p,)p(r, 

subject to the constraints },\x(pi)dt .S’, x(p,) > 0, and p, ** 0 for all 
t 5* 0. 

Forming the Lagrangian associated with ptoblem (5), differentiat¬ 
ing it with respect to p, and 7 , and using (3), we obtain the following 
necessary conditions for an optimum: 


p, - e(r, w) = Xc", t E [0, T], 

(5a) 

p, = p(r, w), (6 |T, *], 

(5b) 

[ x(p,)d( = .S', 

(5c) 


where X = - c (», w) is the Lagrangean multiplier and measures the 

initial scarcity rent (price minus extraction cost) on the resource. 

rite optimal policy governed by conditions (5a)-(5c) is familiar in 
the literature (see, e.g., Dasgupta and Stiglitz 197b). It requires that 
the scarcity rent on the exhaustible resource rise at the rate of dis¬ 
count until the resource price has risen sufficiently to cover the mar¬ 
ginal production cost of the substitute, at which time the stock of the 
resource is completely depleted and the substitute will be supplied at a 
price equal to its marginal cost of production p{r, w) and at a constant 


’ Clearly, it p < r the resource stork will never be used, and d f> = < (he resource and 
substitute ian be considered to lx homogeneous and thus treated as a single good. 

1 In setting problem (5), I have assumed that the economy will use up the slot kot the 
resouite before it switches to the substitute. That this is indeed the optimum older in 
which the resouite and substitute should he used is intuitively clear: given (lie assump¬ 
tion of constant returns in piodurtion ot the substitute and its htghei cost ot produc¬ 
tion (relative to extrac tion costs ot the resource), it will always pay to delay the use of the 
substitute and consume instead tlte cheaper resource until its slock is exhausted For a 
(ottttal analysts ot the optimum order of resoutce/substitute utilization under various 
conditions of ieturiis to stale in substitute production, see Far/in (lt*8l). 





p - p( r,sp 


t ime 


He. 1 

flow rate of v[/>(r, w)| units.. * The optimal polity is illusiiatetl in figure 
1. Further insight into the properties of the optimal polity may lie 
gained fiom the following comparative slant results that < an he read¬ 
ily derived from the arbitrage conditions (5u)-(3t) and xetifted In 
figure 1: 
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where p„ is the optimal initial price ot the t< - 
respectively, the unit tosts of the substitute am 
input prices ( r, w). 

According to (6a) an exogenous increase m the unii cost n| tin 
substitute delays the date at which the econonn switches horn the 
resource to the substitute, slows down the rate of resonice exploita¬ 
tion, and benefits the resource owners In enabling them to collect 
larger amounts of royalties at any time. A rise in the unit cost of 
extraction has the same qualitative effects except that it reclines the 
rents accruing to resource owners. Obvioush, these effects will be 

' 1 lial the optimal palli should lie e ontinnems at 1 = /inusl lx- ohuous. loi oihenuse 
either ihe resource will be undcri til hy the substitute or it >a\ to liold ha< k soinr ot 
the resource stock, no inattci how small, until time /' when <apn.il gains ,nc huge 
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reversed for a reduction in the unit costs; thus, for example, a cost- 
reducing technological breakthrough in the substitute and/or the re¬ 
source sector speeds up the rate of resource extraction and advances 
the date of utilization of the substitute. 

The interpretation of inequalities ( 6 c) is straightforward. An addi¬ 
tion to the existing reserves of the resource reduces the scarcity rent 
and hence the price of the resource. In the limiting case where the 
si/e of the resource stock becomes infinitely large, the scarcity rent 
lends to zero, thus implying that the price of the resource in that case- 
will be equal to its marginal cost of extraction. This is akin to eco¬ 
nomic intuition, for as the stock of the resource becomes vety large 
the resource becomes like a conventional inexhaustible commodity, in 
which case the efficiency considerations dictate that the resource be 
priced at its marginal extraction cost. Since this statement proves to be 
essential in the analysis of the next section, a formal proof of it is 
presented here. 

Using (5a) and (5b), one can write 

p(>, w) - c(r, w) = \/ ? . (7) 


Differentiating (7) and (5c) with respec t to .S' and sob mg for dk/dS and 
cYr/clS gives 


and 


elk ) k 

'IS ,x (/;,,) 


( 8 ) 


<rr ^ _j_ 

rlS X(//<>) ' 


<«) 


Thus, from ( 8 ), \ is a decreasing function of .S'. Furthermoie, the limit 
of k, as S —> cannot be positive, for suppose lim s , J = i ^ 0. 
1 hen, from (7), one must also have liin s _., T ~ T > 0, in whit h case 
the integral/i).x(c + ke'')dl = S obtains a finite limit as .S—* *, which is 
a contradiction. It therefore follows that liitt s \ = 0. which in turn 
implies that 

lini pi, = <. ( 10 ) 


III. The Discount Rate Effect 

How does a change in the discount rate affect the optimal rale o! 
resource exploitation? Bearing in mind that both unit costs p and c 
depend on the interest rate 1 , one can differentiate (5c) and (7) with 
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respect to r to solve for dk/dr and then use p () = X + r to obtain, after 
some manipulation, 


dpo 

dr 


kx(p) dc 
p - c dr 


+ r ~fri> e " x( p' )dt ~ xs 

x(pt 1 ) 


<M) 


where it is recalled from the theory of cost functions (see. e g., 
Shephard 1970) that dp/dr and dc/dr indicate the capital requirement 
per unit (or capital intensity) of the substitute and resource, respec¬ 
tively. 

It is thus evident from (11) that the capital intensities in the two 
sectors play an important part in determining the effect of a change 
in the rate of discount on the intertemporal allocation of the resource 
and that their ef fects are such that a reduction in the rate of discount 
could result in a taster extraction of resources (disinvestment in re¬ 
sources in the ground). This runs counter to the conventional propo¬ 
sition that a lower discount rate unambiguously leads to conservation 
of exhaustible resources. 1 he intuitive belief in the pt o|)osition might 
have been derived from two unrealistic assumptions: first, that theie 
exists no potential substitute for the resource, which leads to the 
exclusion of the term dp/dr from (II); and second, that there ate no 
capital costs whatsoever involved in die extraction of the resource, 
which has the effect of eliminating the term d</di from (1 I ).*' \lterna¬ 
tively, it might have been derived horn the unguided intuition that 
the act of keeping resources in the ground is an in\< 
identical to any other form of investment, so d 
“reduction in the market rate of interest . . 
ment in oil-in-ihe-gionitd" (Meade 1973, p 
verified by equation (I 1), a reduction in the 1 
about two counteracting effects. First, inasmu 
reflects the rate of time preference, a reductu 
use of resources to the future (a conservation 1 1 
the extent that it reflects the cost of capital services, it 
costs in both the substitute and resource sectors and hence induces a 
faster rate of resource depletion (a disinvestment effect). 1 he net 
effect depends, among other things, on the degree of capital inten¬ 
sities in the substitute and resource sector, on the cost differential 


“It is mleicsung 10 nine ill.it when I lie need lot t he ui|>ui *>t i.i|>it,il seienes in 
lesnuicc exit action and substitute puxliiilioii is ignored, so 111.1t iu <0 ni (I. o( 
tl l) leduces to d/ i„Mi = - < t), winch is ctie conventional eoinp.ualive sialii 

testtlt .ism ul.ileil with the simple Hotelling niodri Moreover, substituting ten \ vc/i,,) 
from (S) .uni noting 1I1.11 dX/dS ~ d/v'd.X. one obtains (1 /I,di) - O /'oU •*/>,, dS). 1 e . 
elasticity ol f>„ with respec l to V. the slot k si/e. must lx' et|ii,il to the elastic He ol />„ cc nil 
respect to 1, the inlei est late. I Ins is an eiitpu icallc lesiable unpin anon of the I h ■telling 
inotlel tluil has not Ix-en noted 111 the literature 


m 
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between the substitute and the resource, and on the size of the re¬ 
source stock. 

One can take the analysis further and use (11) to derive a general 
condition that unambiguously determines the qualitative role of the 
discount rate in the allocation of exhaustible resources. Toward this 
end, let 





<12a) 


and 


A's 


^x(p) <>p 

p — r i>r 




h | 

[ ,Xip) dr J 


(12b) 


where K H and K s measure, res pet lively, the present values of capital 
requirements in the resource and substitute sectors. Also, substituting 
from (5a) and (5b) for p, in (5) to obtain the maximized value ol VV 
(denoted by W*), differentiating W* with respect to .S', and making use 
of (8), (8), and (9), one has 


aw* ^ 

<i.S 


(12c) 


whete X is the present shadow price of a unit of resource stock in the 
giound, so that AN is the present value of the resource stock. 

Using (12a)—(12c), we can then rewrite (11) as dpjdr = [(A', f + A\) 
- X.V ]/.*(/;<,). which implies that dpjdr § 0 as (K lt + A\) § KS. We can 
therefore slate the following proposition. 


Proposition I: A reduction in the discount rate leads to a more 
rapid depletion of resources if the sum of the present values of capital 
requirements in the substitute and resource sectors exceeds the pres¬ 
ent value of the resource stock.' 


7 [t is impoitani id note that in interpieting t(cb/c)i) and as capital tosts per 

unit of the resource ami ol the substitute, we arc making the simplifying assumption 
that the unit cost, and hence price, ol capital g‘>ods is fixed and normalized 10 unity, so 
that the cost ol capital goods services is in elicit ecjual to the interest late However, in 
genet.cl. the rental cost ol capital goods services will be l< = i/t*. where (i*. the price (unit 
cost| of c apital goods, depends in turn on the rental cost via lu — g(/t, w). Thus, to be 
precise, the interest rate arguments of the unit cost functions tor the tesource and 
substitute should he icpfnccd by the rental cost, R, to yield <(R, w) and p(R. w), 
respectively. Adopting this modification and differentiating die expression R = 1 g(lt, 
w) implii illy with 1 espec t to r to olnain — g( 1 — r( rlg/c)/?)| it can then Ire readily 

verified that r(drlilr) = rt(c)t/ciK)/( I - i) and r(cf/i/cb) = R{Hj>ldR)H I - v). where v = d In 
g/cf In R is the cost share of capital services in the capital goods sector. Therefore, the 
feedback effect of a change in the interest talc on costs of extraction and substitute 
production is even gieater, by a factor of 1/(1 - s), than that noted heie. 
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This is a basic result, which has not been discussed in the literature, 
according to which a faster depletion of resources is always caused by 
a rise in the discount rate, never by a reduction. 

It is clear from (11) that the condition in proposition 1 will be 
satisfied if the cost differential (p — c) is sufficiently small. It is also 
obvious from (11) that the condition will hold if the capital intensities 
of the substitute and/or the resource are sufficiently large. What is less 
obvious, however, is whether the condition will hold when the re¬ 
source stock is large or when it is small. This is an important question 
because if it turns out that tipJDr > 0 when the stock of the resource is 
small, then reducing the discount rate in the conventional belief that 
it will lead to greater resource conservation will have adverse effects 
that can be far more serious than it iipjdr > 0 holds when the re¬ 
source stock is large. The following analysis therefore examines the 
sizes of the resource stock for which the condition dpjdt > 0 holds. 

From the resource stock constraint (5c), note that lim s T - 0, so 
that by (7) and the fact that /> ( , = X + c, 

lint p t) = p. (13a) 

S— <1 

Also recall from (10) that 

lint po = r (13b) 

Since dp^/di is a continuous (unction of .S (which !<>ll<r. 
one tan interchange the operations of different' • 
r), taking the limit (on .S’) to write 


lim ( 

s-*o V 

dpo 

\ - 

I . 

di 

/ <>> 

- Um /- 
V s --*<• 

lim (- 

S-«x. \ 

dpo ' 

\ = 

(lim p, ij- 

(h , 

/ dr 


Finally, substituting from (13a) and (13b), respectiveh, into (1 fa) and 
(14b), and remembering that both p and c are increasing in /. we has e 

lim-^ = 
s—*o or ch 


and 


lim 


etc 


Hl 

dr 


> 0. 


We can thus state the following proposition, whit h is also illustrated in 
figure 2. 
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Proposition 2: I here are always at least two langes of resource 
stock sice for which, contrary to conventional belief, a lower discount 
rate will lead to a faster depletion of an exhaustible resource and a 
higher discount rate to a slower depletion. The ranges are when the 
resource stock is sufficiently small (.S' < .S’ 1 in fig. 2) or when it is 
sufficiently large (S' > Sj). 

1 tie economic intuition behind this result is simple. As was pointed 
out earlier, when the stock of the resource is very large, the resource 
is much like an ordinary product for which the price is determined by 
the marginal cost of production; as such, a 1 eduction in the rate of 
interest renders the resource c heaper and hence increases its rate of 
use. In the opposite case, when the stock of the resource is very small, 
the resource can enjoy a scarcity rent almost as large as the difference 
between the cost of producing the substitute and its own extraction 
cost, implying that it will command a price roughly equal to tfie pro¬ 
duction cost of the substitute. In that case, a reduction in the interest 
rate reduces the cost of the substitute, anel hence the price obtainable 
by the resource, leading to faster use of the resource. 

As the doited curves in figure 2 illustrate, the reversal effect of a 
change in the discount rate (dp< t /d> > 0) may prevail at all levels of 
resource endowment. This can occur when the share of capital cost in 
unit costs of resource extraction and substitute production—that is, 
when ( plr)(dp/dr) and ( r/r)(dr/dr )—is rather large and/or when the cost 
differential between the resource and the substitute is small. How¬ 
ever, the implication of the reversal effect is particularly important 
for economies with poor natural resource endowments. For such 
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economies, a lower discount rate, instead of promoting resource con¬ 
servation, will accelerate resource exhaustion. 


IV. Concluding Remarks 

In this paper I have argued that, despite its widespread acceptance in 
the literature, the proposition that a decrease in the discount rate 
leads to a slower depletion of exhaustible resources, and vice versa, is 
not generally valid. I have shown that a decrease in the discount rate 
has two distinct and countervailing eflects. The first is the straightlor- 
ward “conservation effect” of a lower discount rate—consumption in 
the future is rendered more attractive. 1 he second is the less 
straightforward “disinvestment cl feet”—the lower discount rate re¬ 
duces the unit costs of extraction ot the resource and production ot 
the substitute and hence encourages faster rales of resource extrac¬ 
tion. This latter effect has been completely neglected in the literatuie. 
and yet my analysis has shown that for at least two ranges ol resource 
stock si/e it is always this effect that dominates. Of course, to maintain 
the simplicity of the model, I have abstracted horn resource explora¬ 
tion activities that no doubt play an important role in making deci¬ 
sions about the rates ol resource depletion. However, to the extent 
that a lower discount rate encourages investment in exploration 
activities and hence increases long-run resource avail,ihilttv. the inclu¬ 
sion ol such activities in the model would teinforco the lesnlt ol mv 
analysis. 
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An Estimable Dynamic Stochastic 
Model of Fertility and Child Mortality 
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This paper develops a finite-horizon dynamic stochastic model of 
discrete choice with respect to life-cycle fertility within an environ¬ 
ment where infant survival is uncertain, l'he model yields implica¬ 
tions lor die number, timing, and spacing of children. A tractable 
estimation method is developed lor the linear constraint-quadratic 
utility case that is intimately tied to the dynamic optimization prob¬ 
lem, and the method is applied to Malaysian household data. Kstima- 
tion is based on integrating die numerical solution of the dynamic 
piogiamming model of behavior widi a maximum likelihood pro¬ 
cedure. 


Introduction 

Connections between child mortality and fertility are at the root of 
many explanations of the demographic transition and are important 
for population policy in less developed countries. In this paper, I 
present an estimable dynamic stochastic model of life-cycle fertility 
within an environment where infant survival is uncertain. The opti¬ 
mization model provides a unified treatment of replacement behavior 
(Ben-Porath 197b; Schultz 1976; Olsen 1980), that is, the reaction to a 
realized infant death; of genetalized survival uncertainty, that is, the 
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reaction to the mortality environment; and of spacing behavior. 1'he 
model yields implications lor the number, liming, and spacing of 
children in such an environment. 1 A tractable estimation method is 
developed for the linear (constraint)-quadratic (utility) case that is 
intimately tied to the dynamic optimization problem, and the method 
is applied to data from Malaysia. Although the econometiic method¬ 
ology is interesting in its own 1 iglu, the paper also provides empirical 
estimates of important substantive phenomena in the context of a 
sequential fertility model. 

The finite-horizon dynamic programming problem that is assumed 
to be solved by the individual yields time-variant decision rules con¬ 
cerning the choice whether or not to have a child in each period 
Analytical representation of those decision rules is not feasible. Ksti- 
mation is based on integrating the numerical solution of the chnamic 
programming model with a maximum likelihood procedure. The 
complexity of the behavioral model is limited In the computational 
burden of the dynamic programming solution algorithm given the 
iterative nature of the estimation procedure. The methodologv, how¬ 
ever, is general to any finite-horizon duiamic stochastic model that 
can lie numerically solved and would be applicable, lor example, to job 
search models, labor supply models, and schooling choice models.' 

The methodological approach is highly structured and follows the 
tradition of Heckman and Ma( aircly (I WO) in the analv sis of lile-c vclc 
labor supply or of Saigenl (1978) in mac 10 inne-senr-. m,i|v be¬ 
cause of the discipline this approach imposes <"> • 
generally the case (and there is no evcepiw 
quite simple, even it analytical solutions m 
lion. 1 This <haracteiistic has led to fund, 
approach, not necessarily as a research a. 
mediate tool for addressing substantive is- 


'Spacing involves a feitihlv pattern m which fmihs .ire not .«!I uniuttum in ilu 
context of discietc lime Inning relates to life-cwle stage Bn ills m«*v chum rath m 
late in the c hi Id tearing penod. ami ihev mav Ik* closelv m v\ ic It l\ spaced Ilu 
model picsented here exphcith characterizes the hnth sequence and thus miIm* Ini 
both aspects of fertility, 

* Sequential fertililv models have liecn studied In Heckman and Willis il97hi. Hot/ 
(1980), Mofhu (1980), and Vipeibcig (1981) I he model piesented lu ie is im simiJ.n 
to that ol Heckman and Willis None of these studies develop die uoiiuiiuiih 
methodology necessary to provide estimates of ‘stiuctmal paiameteis 

s Other veiy iceent examples of the tv pc of estimation method devc lope d he ie aie 
Miller's (1982) job-man lung model and Pakes’s (198it) patent model Issues i elated to 
the estimation of d)namic pmgiamming models m job seaic h contexts c an he found in 
Klinn and Heckinan (1982), Woik by Hansen and Saigent (1^81) is i elated 

1 In a naive sense, all models aie estimable save lor computational expense See 
Hartley (1981) who advocates a much gteatei effoit in this duet non 
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The advantages and disadvantages of structural estimation as op¬ 
posed to econometric specifications as “approximations" to optimiz¬ 
ing models are well known. A practical issue arises, however, if the 
approaches lead to different substantive results but fit the data 
equally well. The structural model, if correctly specified, provides 
legitimate restrictions that permit more precise inference and a more 
parsimonious representation of complex relationships; but if the 
model is incorrectly specified, all inferences may be contaminated 
regardless of the offending assumptions. Relationships estimated as 
“approximations to theory,” since they do not explicitly follow from 
theory, contain implicit and unknown assumptions but are in a sense 
less restrictive and may provide more accurate, though cruder, esti¬ 
mates of particular responses of interest. The choice of estimates is 
likely to be problem specific. Those who have strong reservations 
about the substantive implications of the structural model estimated 
here can view this as a prototype of potentially more fruitful models 
yet to be developed. 

The paper is organized as follows. In the next section I specify a 
discrete-time, discrete-outcome dynamic stochastic fertility model 
with exogenous hut uncertain infant mortality and income. I then 
describe the estimation strategy and present (he data and results. A 
discussion section interprets the results and briefly addresses some of 
the broader methodological issues. The final set lion summarizes. 


A Discrete-Time, Discrete-Outcome 
Dynamic Stochastic Model of Fertility 

The household is assumed to possess an intertemporally separable 
utility function defined over a finite horizon having as arguments the 
number of surviving children and a single composite consumption 
good. I here is no direct consumption value to the spacing or timing 
of births except insofar as the future is discounted. A period is 
defined to be that length of time within which a single birth may 
occur. ’ Births may occur only during the fertile stage, the length of 
which is known with certainty to be T periods,*’ There are r — T 
subsequent periods of sterility. Contraception is assumed to be per¬ 
fect during the fertile stage, and, conversely, conception can he timed 
without error. The choice is of a discrete nature, that is, to have a 


’ As in all disuelc-lime models die length of a period is somewhat arbmary. In the 
case of fertility, however, biological considerations provide some guidance 
b 'Ihe model would be significantly mote complicated to estimate i( 7 wete itself a 
random variable 
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child or not. 7 * * There is a fixed cost of bearing a live child whether or 
not the child survives the first period. There is also a technologically 
determined fixed cost of maintaining a live child for the first period of 
its life. 14 Infant mortality and household income are exogenous, and 
each follows a stochastic process known to the household.' 1 

The decision problem for household 1 at lime / is given by 

T -t 

ma xE t '£b k UU i (MUk,X , l + t ), (1) 

*-=<) 

with respect to re}, where n‘, = 1 indicates a birth at t and n\ = 0 
indicates no birth; X,‘ + * is the level of goods consumption in period 
l + k and Af! + * is the stock of surviving children. 'I he utility I unction is 
assumed to be quadratic, namely, at any period I: 

(/;(AT,x;) = (a, + b)m; - a ,Af/ + p,x; - p,.v/ + >\f;x;. m 

The taste parameter is assumed to be random with zero mean and 
finite variance. 10 * * * 1 he law of motion for M, (without the 1 superscript) 
is 

M, = M, .. | + n, - d„ t = 1.T, 

M, = A//, t = T -i I. t, 

with initial condition 

Mo = 0. 

The variable rl, is unity if a death orcuis during p< ’ 
lw>rn at t and is zero otherwise. A child is «»wn> 
that is, longer than the parents, if it sui\' 
equation (I), E, is the expectations operatoi 


(3) 

(I) 


7 liiiiocluimg contraceptive risk would change I lit i. 

I he choice would become whcihet 01 not vt»contrat< j 
liaceptivc hehawor or on bulbs could be used in cmidmim .. 
on infant survival, accommodating additional foims ot iimcii n* 
bilious. 

H It is. ot course, more n.iluial to assume that the maintenance cost i *1 a child is 
positive a! older ages, as has been assumed in other theoi etic a) hit't u Ic lei tilits models 
(eg,. Hot/ 1980 ). However, doing so expands the dimensionality nl the *aate space 
from one that is equal to the number of sui \iving t hildien in .im pat tic ulai pei md 11 e . 
T possible states m peuod 7 ) to one m whic h the size depends cm jxnemial sequences ot 
children If the maintenance tost changed eat h pniod t>l a t hild’s life, e g . theie would 
be 2 r possible state \allies to consider at period /'. 

* I ignore the possibility that pai eiiial expenditures t an influente infant moitalm in 
order to avoid modeling a second dec ision yanahle 

10 This particular placement of £ in the utility function is purposeful as will be- 

come apparent when the estimation method is piesented 

1 In tlie application Mow anti in main other 1 DC toniexis a substantial component 

ol child mortality occurs witlnn the fust lew veais of life 
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ination set as of I and 8 is the discount factor. Period 1 is the first 
period in which a woman makes an independent decision about fer¬ 
tility. 12 

Child deaths are generated as follows: 


d, = 0 iff G/TT] + ii, 5 0 
d, = 1 iff G,TT| + u, < 0, 


(5) 


where the G, vector may contain time-varying variables, for example, 
calendar time, or possibly household characteristics. The random 
component u, has zero mean and finite variance. 

The budget constraint is assumed to be satisfied period by period: 

Y, - X, + b(», - </,) + at,, (6) 

with }', the household income at /, < the fixed cost of a birth, and b the 
maintenance cost of a surviving child. Income at time I has exogenous 
determinants //„ for example, age, and is given by 

Y, = H,tt 2 + v„ (7) 


where v, lias zero mean and finite variance. 

It is important to specify precisely the content of the information 
set. As of period / the household is assumed to know the number of 
surviving children up to period l, XI, . \ . The systematic components of 
income and infant mortality are also assumed known at each ( for all 

I - I .t, that is, Gi*yj,. . . , G, iT|, H|ir>, .... H/ir, is known at the 

initial period. Past realizations of income are obviously known, but 
neither the cui rent realization (v,) nor future realizations (v ,, 1 ,. . ., 
i> T ) are assumed known.Similarly, past deaths are known, but obvi¬ 
ously not the fate of the current (to be born) child or future children. 
The household is also assumed to know its current (and past) tastes, fjj, 
though not those it will have in the future. Finally, the joint distribu¬ 
tion (conditional at t) of the random income, mortality, and taste 
components is assumed known for all I = 1.t at the initial period. 

'Flu? maximization problem given by (1)—(7) can be solved using the 
principle of optimality (bellman 1957). There is only a single (dis¬ 
crete) control variable (n,) and a single state variable (M, 1 ). The 
solution is obtained by backward recursion. Decision rules, which en¬ 
tail comparisons between expected utility levels with and without a 
birth, are not time invariant given the finite decision horizon ( T ) and 
are difficult to represent analytically. 


1 ' J’euod ) (Iol-sdoI ncfcvsarily < 01 respond |« ihe dale ot imurutgc-, since llic dec ision 
not to many may be a childbeatmg decision. 

1 ' Thus, the fertility decision at l is assumed to lie made piior to the 1 e.ih/ation of 
income, which captures the fact that the det ision to have a child piccedes the birth by 
the gestation lag. 
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Some features of the model can be explored analytically within a 
two (decision) period framework though in a longer-hori/on model 
they can most efficiently be exhibited through simulation. 11 The most 
important features are these: 15 (I) it is capable of generating a wide 
variety of birth sequences, that is, timing and spat ing patterns. (liven 
the assumption that the household cannot save or dissave, a rising 
income profile may generate spaces (and delay) as it counteracts the 
desire to have children as fast as possible."’ (2) 1 he model is capable 
of generating a wide vaiiety of replacement patterns (torn full te- 
placement of any child death to zero replacement. Replacement pat¬ 
terns and spacing are highly interdependent phenomena. (3) 1 he 
model is not likely to generate higher fertility in high mortality envi¬ 
ronments, that is, where the infant .survival probability is low kssen- 
tially, since a child can die only in its first petiod. it will lie optimal to 
follow a sequential replacement strategy unless children are desired at 
the end of the fertile stage where replacement is physiologically not 
possible. 

Method of Estimation 

To focus on the central estimation problem, assume that the income 
and survival rate functions (eqq. |5| and [71) arc known to the re¬ 
searcher. 1 ' Also, for ease of presentation, assume that t',. u',. and uj at e 
identically independently distributed m both the household (i I and 
period (/) dimensions and are stochastically independent 1 hese as¬ 
sumptions c an all be relaxed in pmuiple topeimit geneiali/ed voctoi 
time-series representations in the sense that the <•'("■ 
outlined below svnuld still be \alicl Ilowey< 
sen tat ion that follows would need to be m. 

Now, with these assumptions and giyen, , 


11 Sec VVolpm t tttS'J) In; a mole complete- thstiissic 
and tot a presentation ot sniiiilaiioii lesulis 

r ’ 1 lie siimilation results assume dial tile imliv idu.il )i is -i 
lor all I. 

11 Heckman and Willis (I‘.l7ti) piesein a model dial ditleis m die csisume of ton 
Irateplise unmtamtv lallu-i ih.in sin sisal mu eil.imts I he spat mg-tiinmg 11 suit is 
(on |t*c tilled there Spa< mg i on Id also a use it capital tn.ii Lets wt to pi i let i and die I nr 
ol interest esteeded the lale ol tune pieleicme I h.n modeling sti.Ucgi was not 
pm sued since any hill-soliuion estimation method would ha\t itqinttd sotting toi 
optimal savings hehavuu along vsiih opiiiu.il leicilm Itehauoi \enhii t stieine savings 
assnmplloll would seem appiopn.ite ill ihe Malaysian toiileM 

' II ihev aie eslimaled h\ the- ic-sejichei. die 11 etliueiu esiim.uion ot the c unit 
stiuc(inal model would letpiue |ouu esiiin.uion t»| these lelationships wuh iht It mills 
decision ink's. Piotednrallt. this is a siiaighlloiw.ini lask. iliougli in die cinpiiir.il 
applic ation it is ignoic-d foi compulalional leasons |i would also pel mu a u si ol t mss- 
equ.iiion restntiions and. m this sense, ot die moilel 
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form of the utility function, the decision to have a child at any arbi¬ 
trary period / is determined by the sign of the following expression: 

= EALU,\n, = 1, fe = 0) - E,(LU,\n, = 0. = 0) + Pfy, (8) 

where l.U, is lifetime utility at t and P, is the infant survival probability 
at t. iH The decision rule given by (8) is deterministic for the house¬ 
hold; that is, the household decides to have a child if J, is positive and 
decides not to have a child if it is not. If the researc her does not know 
then from that perspective the fertility decision is random. Assum¬ 
ing that the conditional expectations expressions in equation (8) can 
be calculated in a numerical sense for given parameter values by the 
researcher, the estimation procedure is straightforward. Obviously, 
there exists a uniejue value of for which J, is exactly zero. 1 '' 1 The 
critical value, say , depends on the value of the parameters that are 
to be estimated as well as the data on income and mortality." 0 

If is assumed to follow a normal distribution, with variance a 2 , 


IH Ree dll that £,£, = i e , the household knows its draw prior to making its decision 
I he placement ol the estimation enoi in u, was governed entirely hy computa¬ 
tional consideiatinns Any other paiameicisot the model could have been assumed 
random. ci._,, (Jj. y. b. r. 01 6 . lumbermen c, an estimation error could have been in¬ 
troduced into the income or survival piobabililv (unctions, 11\, as variables unknown to 
the researcher hut known to the household Some ol these other choices would have 
deslloved the simple form ol ecp (b) I liete would be no guaiantec of a unicpic critical 
value and all solutions would have to be located numeric ally 
■"As an example, the decision rule al T is given bv 

T T 

h -= 0,(1 + y 6 ' ') - «/(-•'!/ , ' i)|) F v R< 'j 


P,</’* - 

2hil f it , 4- 2(b) 


t 7 ( bM, 

1 + //,! T 2 ~ ( /it 

y h ' 

r ( it 

i- c| (J, 

P-.fc ll,Tij - y\ti 

ill 

r f, 




1 he billowing conditional expectations aie uecessaiy tor die Ueiivation' 

F, ,(X,|n, = I ,<l, 0) = H,v, - < - b. 

F, ,(.Y,|m, • I,//, - I) - 1, 

F, ,(X,|«, = 0. d, - 0 ) = //,-rr... 

F t ,c A;'[ 0 , = I, ,/, = 0) = ( //,rr ,) - t- erf’ t c*' t b J ‘J(r + b)H,Tt-, + 2(b. 

F, - I, d, = I) = (11,-n^f + erf, + e~ - '1,11, ir*. 

F, ,(Xf|n, = 1), d, = 0) = (H, ir a )‘ + erf., 

for ; = 0, . , / ll should he noted that although (//,ir a ) z and erf, appear m expressions 

lor Ei(l,Vi\>ii — 1) and /:;(/.</,|rt, -= (I), they do not appear in In the l-peiiod 
model, certainty ee|iiivalence obtains 
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then the probability that household i is observed to have a child in 
period l is given by 


Pr(n; = 1 |Af/_,) = 1 - 4> 

where <f> is the cumulative standard normal. Similarly, 
l’r(w{ = 0| M‘ t 1 ) = 


(9) 


( 10 ) 


The probabilities are conditioned on A7) i to emphasize the fact that 
they depend on past fertility choice. I he probability of observing any 
sequence of birth decisions for a household is merely the product of 
probabilities such as (9) and (10). 

Now, consider the problem of calculating the deterministic part of 
the decision rules (as given in [8]). To do so requires characterizing 
the dynamic programming solution explicitly. 1 he exercise is carried 
out backward through period T — 1 only, as the remaining rec ursions 
follow by induction. 

Kxpecied lifetime utility associated with having a child at T - 1 
conditional on the information set at T ~ 1 is given by. 

E r )(/.(// ||«/ i = I) = A/ i (('/ il"r i — l.fz-i = 9) 

+ + Mr-Mi i + tA/ i max (A/(/.(',|it/ = 1. 

Mi i = Mr--2 +■ I), A/(/.( 'f\n r = 0 . M, , ■= \J , _, c 1)) 

+ 8(1 - P T i )Er i max [A',(A(’/|w/ • 1. M, 

Erd-i’Axr = « .M r i = M, ■_■)] 


Since k,r is not known to the household at / 
maximum operators are random. Delirrmu 
to be the (unique) value ol £/ that sets /, 
a child at V - 1 who survives (Af; , — M, 
on all other infor maiion as of T — 1, and like him . 

- Mr —a) he the value of that sets J / --- 0 conditional erthei on 
having a child at T — 1 who does not survive or on not lrav mg a c luld 
at'/’— l(Af/_i =M r a), and conditional on all other mfoim.iiion as 
of T — 1, equation (11) can be written as 

E, i (LU t i|« r i = 1) 

= A 7 ' i( Uj- i[/?/• i = l.£r i — 9) f (/’/-, + M, t 

+ 8/ > r _,[({A r _,A / (/./^|n r = 1, Af; i — A// + l.t; — 0) 

+ (/’, + M r -a + 1 )E / ,l£/|£, s &%\l , , - Mr > + 1)1} 
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X 

{pr[£r it*(M, ■- t = Mr-2 

+ 1)]}) 



+ 

({A-r - {h r (lJJ r \n r = 0, Mr 

. = Mr- 

-2 + 

l.«r = 0) 

+ 

(Mr -2 + l)i’r-if^rlCr < it* 

(Mr- i = 

= M/- 

-2 + 1)]} 

X 

{pr Hr< it*(M r -, = M T - 2 

+ 1)]})] 


02) 

+ 8(1 

~ Pi i)[({bV i/'-r(i-b f 7-| n r = 

1. M r 

. = M r_2, = 0) 

+ 

(P, + Mr 2)E T -i[ir\ir^ it*(M r . 

= Af 

r-a)]} 

X 

{prlirli, > it*(M t , = M r 

a)]}) 



+ 

({/'■/ |/s-r(^^rl«r — 0,M/-i 

, = M / - 

2. €r 

= (1) 

4- 

Mr- jP, t \iir\ir< it*(Mr -i 

= A/, 

2)]} 


X 

{p r t€/| ir<it*(M T - t = M r 

,))})]• 




In analogous fashion, the expected lifetime utility associated with not 
having a child at T - 1 is 

h r ~ i(I.Ut i|ht t = 0) 


- f'-r- \(Ut i|«r i — 0, _i - 0) + M/ _aC/ _| 

+ 5[({E, . X E,(I.U-Mi = 1 .M r i = M r -^ir = <>) 


+ (/V + M, ,U r |5, ^ £**(Mt , = Mr ,,)]} 

x {prf€y & ir*{M/ _ i = M,-,)l}) (i3) 

+ ({E r iK T (IA/ T \nr = 0, M 7 --, - M, _ 2 . g, = 0) 

+ Mr - < ^r<M T , - M,_..,)l} 

X {pr[|r < - , = Af r 2 )]})I 

Under the normality assumption, if we recall that ir > s serially uncor¬ 
related, conditional expectations are 


£<Srl5r * it*) 
rnM, < it*) 


(7({)(^**/(T) 

1 - 3>(£**M’ 


~ CT Mir M 
<f Hit* to) 


(H) 


The decision rule given by (8) for t = T — 1 can now be obtained 
from (12) and (13). The complete dynamic programming solutions 
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tan be obtained numerically by continuing to work backward in the 
fashion described above. Differenting (12) and (13) yields 

Ji -i = t-r- i (Ut i|«7 i = 1» 6/ i =6) 

- h T i(Ur - 11My -1 *= 0, Jjy , = 0) 4- Py i€/ i 

+ 8 P T ^{h T - \h r(LUr\ni = 1,/Vf, , = A// y + My = 6)} 


1 - 


1 - Afy 2 + 1) ] 


" il 



+ {E r - = M, , + Mr = 0)} 

+ I) 


x 4> 


{r*(Mr- i = M, 


(l.i) 


- [E, ,E,[LU,\n r = l.AIr , = M, _>• ir = 0)} 


X 

jl - <t> 

r tf*(A/,_, = A/, .,) | 


[ cr Jt 

i 

- {Ki-iK 

7 (/XV|«y = 0, M r - -, = 


... £/ - nil 




5/ (Al, = A/ r -) 


+ / J /(T 


<t>! 


5/ (•'//• , = Mr-i + 


4> 


tr <«, - , = M, ,.) 


Notice that all leims within the condition.< 
utility that are independent of the feriihtv < hone. 

My . | = 1 or 0, will not appear in // 1 best* terms get dilleieiued 

out, including the square of predicted imome and the \aname in 
income; only tlte conditional mean of intoine enters the deusion 
rule. 21 

Putting the pieces together, a ^ is tabulated tot each I and for a 
given parameter vector (a,, a^. Pi, P-y, "y. <■ ft. 5) accoiding to the 


21 Observe that in the piewous loot note t/f,Tro)* and o' appeal m .ill expectations 
legaidlcss ot the value of n,o rrf„ a tan>-o\er ol ilie teitainu ei|unalrm e icmiIi m the* 
statu model 
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dynamic programming solution outlined above. The likelihood taken 
over a sample of I women each of whom is observed for T, periods is 

I T, 

nn^-w-,), (i6) 

r- I 1 = I 

where n', is one if woman i has a birth at t and zero otherwise. Choos¬ 
ing alternative parameter values leads to alternative critical values (fjf) 
and therefore to different sample likelihood values. A derivative-free 
maximization routine is required in the absence of analytical deriva¬ 
tives. The computational burden lies in the fact that for each set of 
parameter values the dynamic programming algorithm must be used 
to calculate the new set of for each individual. 

As in standard probil analysis, <r is not identified even though it 
enters the decision rules explicitly; that is, ^ is a function of cr. Utility 
function parameters are thus only identified relative to each other, 
but cost parameters are identified in an absolute sense."' Ueuiisti- 
cafly, there should be more than sufficient infoi niation to estimate the 
parameters since all future-period expected incomes and survival 
probabilities enter each period's decision. Further, since is serially 
uni ot related, any set of periods may be used to calculate consistent 
maximum-likelihood estimates as the cm tent choice is statistically in¬ 
dependent of prior choices on which it is conditioned. 

Although a genetali/ed error structure for is conceptually feasi¬ 
ble, it is computationally impractical. A simple permanent-transitory 
scheme can. however, be estimated and Ins neatly into the previous 
formulation. As is conventional, let = v' + t|(, where v' is a 
household-spec ilic taste parameter known to the household in the 
initial period and tj) is a purely random taste < omponent. In this case, 
coniraiy to the purely transitory taste scheme, since the decision tide 
at any period t is conditioned on picvioits (eitilitv decisions as Mini¬ 
mal i/ecl in Af, |. which is itself related to the unobserved peimanent 
taste component, v\ estimates will not in gettetal he consistent. How¬ 
ever, it the decision is conditioned on the initial nonstochastic state AT, 
= 0, that is, if the data contain complete life-cycle information, consis¬ 
tent estimates can be obtained." ' 


I his (an be seen itom (It). Iik leasing <t piopoiiionaieU In A and likewise the 
unlit v function parameter (u lf u^, 0i, 7) h> ^ leaves um handed but im lease s 

all of t he conditional expectations if) (la) b\ A. 1 bus, , imieases piopoiiionaieU b\ 
A while -i Ut is um flanged, wfiitfi implies that the likelihood is um hanged 

' ' -See Heckman (for a disc ussion of die pioMem of initial (onditions in disc rete 
models and foi suggested solutions Notice loo that theie is line state dependence, 
although there is no single siiuumai state dependence parameter K identifuanon of 
the sitiiituial paraineteis of the model is not problematic, then theie is also no 
difficulty in disentangling hue fiom spimons state dependence. 
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Suppose then that there are ,V types of households (N < /) with 

permanent taste components equal to v'.v v and comprising q l , 

. . ., q n proportions of the population, respectively. For each of the N 
possible values of v' one can compute for each l exactly as was done 
in the single type case. One can therefore form the likelihood of 
observing any birth sequence given household type. Weighting a 
given sequence’s likelihood for each type by the appropriate probabil¬ 
ities q\ summing over all types, and producting over all individuals 
yields the sample likelihood. The distribution of the unobservable is 
then estimated along with other parameters, ini hiding possibly A'. 21 
The computational cost of introducing unobserved heterogeneity is 
approximately proportional to the number of household types for 
known N. 

Data 

The 1976 Malaysian Family Life Survey contains 1.262 households 
consisting of at least one ever-married woman under 50 years of age as 
of the survey date. The essential feature of the survey is that it con¬ 
tains a retrospective life history of each woman to age 15 or marriage, 
whichever is earlier, with complete inhumation about births, infant 
deaths, and household income. A subsample was drawn consisting of 
188 Malay women, all of whom were over 30, cut ientlv martied. and 
married only once.*’ Household income is rest rilled to that of the 
husband. 

The length of the period was ihosen to )>■ 
mise between the necessity to have onlv .1 -■ 
and the computational benefit from bavin 
cycle. 27 I he initial period was set at age 
whichever came first. The final decision | 
after 20 pet iods or approximately at age 1 

In treating husband’s income (earnings), tin 
was broken up into 18-month periods and man! 
life cycle. Starting with the initial period (agci 

'’ l See I lei kina 11 .uni Singer ( 1082 ) tor ,1 dis< ussnni u! lump n 
estimating iinoheciveil hcieiogeneiiv itisliihiiuons m ihe mutts! ..I wmniunms time 
din,nion models. 

Appioum.Uelv 5(1 peieenl ol the 1,202 immen die M.il.n iheothii "dl piuml 
mnsisling oi filmic Chinese dint Initidns 

Essentially, it is assumed (hdl ihe woman does no m.u let »oi k or woik ,11 home lot 
pay Ini hiding the woman's iiiioiiie Mould li.ise led lo mg.iini nuoine <IHi(\ suite 
women who Will k lor p.iv have lewei < Inlilii n. A weakness ol die model ts ih.il n discs 
not lonsnler die Ie111.de l.iboi supple 11 tone 

77 Of the total ol S.OHti )>ci mils. in mils SO jx'i mils ( 2 T women 1 weie tht ie tsso htuhs 
ill IS niondls. Ill those (dses. a liiilh Mas mow'd lo die nevl pel iod in mIikIi du ie is as 
no birth. 


* 
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dynamic programming solution outlined above. The likelihood taken 
over a sample of / women each of whom is observed for T, periods is 
/ r, 

j { { { P r <«! = (16) 

i—i /—i 

where n‘, is one if woman i has a birth at l and zero otherwise. Choos¬ 
ing alternative parameter values leads to alternative critical values (£;f) 
and therefore to different sample likelihood values. A derivative-free 
maximization routine is required in the absence of analytical deriva¬ 
tives. The computational burden lies in the fact that for each set of 
parameter values the dynamic programming algorithm must be used 
to calculate the new set of fjf’s for each individual. 

As in standard probit analysis, cr is not identified even though it 
enters the decision rules explicitly; that is, is a function of tr. Utility 
function parameters are thus only identified relative to each other, 
but cost parameters are identified in an absolute sense. 2 ' Heuristi- 
cally, there should lie moie than sufficient information to estimate the 
parameters since all future-period expected incomes and survival 
probabilities enter each period’s dec ision. Further, since is serially 
uncorrelated, any set of periods may be used to calculate consistent 
maximum-likelihood estimates as the cm rent choice is statistically in¬ 
dependent of prior choices on which it is conditioned. 

Although a generalized ertor structure lor £;, is conceptually feasi¬ 
ble, it is computationally impractical. A simple permanent-transitory 
scheme can, however, be estimated and fils neatly into the previous 
formulation. As is conventional, let = \>‘ + tjJ, where v' is a 
household-specific taste parameter known to the household in the 
initial period and tj) is a purely random taste component. In this case, 
contrary to the purely transitory taste scheme, since the decision rule 
at anv period I is conditioned on previous fertility decisions as sum- 
mat i/ed in ,\l, ,, which is itself related to the unobserved permanent 
taste component, v', estimates will not in general be consistent. How¬ 
ever, if the decision is conditioned on the initial nonstochastic stale A7 0 
- 0, that is, if the data contain complete life-cycle information, consis¬ 
tent estimates can be obtained. 2 ' 


I lus mi) !>r seen ftoni (15). Increasing cr pinportionntely t>y X .met likewise ihe 
utilin fiiiutmn parameters (a >. a,, (3,, (T. 7 ) t»\ X leaves 6 ,Tit uih handed but iiu teases 
all of the comltlional expectations in (15) hy X I tins, £* , int 1 eases proportionately l>v 
X while 1 /it is inn banned, which implies that the likelihood is lint handed. 

1 * See Heckman ( 1979 ) foi a disc ussiou ot tile piohlem of initial conditions m disc retr 
models and ten suggested solutions Notice too that there is title slate dependence, 
although there is no single slim Huai slate dependence paiametei. II tdentilicalicin ot 
the snuc tin .cl p.uamcters ot the model is 1101 problematic, then there is also no 
difficulty in disentangling Hue from spurious state dependence 
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Suppose then that there are N types of households (M < l) with 

permanent taste components equal to v'.v v and comprising q\ 

. . . , (j n proportions of the population, respectively. For each of the X 
possible values of v' one can compute f? for each l exactly as was done 
in the single type case. One can therefore form Lhe likelihood of 
observing any birth sequence given household type. Weighting a 
given sequence’s likelihood for each type by the appropriate probabil¬ 
ities (j\ summing over all types, and producting over all individuals 
yields the sample likelihood. The distribution of the unobservable is 
then estimated along with other parameters, including possibly ,V. 21 
l he computational cost of introducing unobserved heterogeneity is 
approximately proportional to the number of household types for 
known N. 

Data 

The 197b Malaysian Family Life Survey contains 1,262 households 
consisting of at least one ever-married woman under 50 >ears ol age as 
of the survey date. The essential feature of the survey is that it con¬ 
tains a retrospective life history of each woman to age 15 or marriage, 
whichever is earlier, with complete infoimation about births, infant 
deaths, and household income. A subsample was drawn consisting of 
188 Malay women, all of whom were over 50. cm renilv married, and 
married only once. 2 ’ Household income is restricted to that of the 
husband. 2 " 

The length of the period was chosen to 1 
mise between the necessity to have onlv a - 
and the computational benefit from havin' 
cycle. 27 The initial period was set at ag< 
whichever came first, lhe final decision |■■ 
af ter 20 periods or approximately at age I 

In treating husband’s income (earnings), im . 
was broken up into 18-month periods and matchio m me womans 
life cycle. Starting with the initial period (age) of the woman. Iius- 

Sec Heckman and Singer (1*182) foi a cIimiismoii <>t n<>ii|i.n.uneiii< mellmds lei 
estimating unohseived heterogeneity distributions in tlu* context ol toiuiiuiout ume 
duration models 

* Approximate!) 50 patent ol the l,2b2 women ate Malay, the othti 50 peiteni 
consisting of ethnic Chinese ami Indians 

26 Essentially, it is assumed that the woman does no market work or work at home lor 
pay- Including the woman's iiuome would have led to negative income elicits since 
women who woik tor pay have tewei children. A veeakness <>1 the model is that it docs 
not consider the teinale labor supply choice. 

2 ' Of the total of 3.080 peiuxis. in only ‘01 pounds (27 women! wetc theie two births 
in 18 months In those eases, a birth was moved to the next pound in which thru* was 
no birth. 
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band’s (average) income (possibly prospective if they were not then 
married) was computed for each 18-month period. In the data them¬ 
selves husband’s income is reported in an event-history form; namely, 
labor supply and wage rates are reported retrospectively at each mo¬ 
ment (date) that either of them changes beginning at husband’s 
age 15. A semilog (price-deflated) earnings function was estimated 
for each husband individually with a constant, period, and period 
squared as regressors, where period is simply age of husband suitably 
transformed to the woman’s life cycle. 28 A predicted earnings profile 
was generated and forms the basis for the (forecasted) income obser¬ 
vations used in the empirical analysis. 29 The woman is assumed to live 
for 10 periods (15 years) after her childbearing period, and husband’s 
income for the peiiod is assumed to be forecasted as constant and 
equal to predicted income in the twenty-fust period. In the context of 
the model of the previous section, it is assumed that each woman 
knows the parameters of her husband’s earnings functions beginning 
at the first decision period. 

I he survival probability was obtained from data on state-specific 
survival rates. Predicted survival probabilities are based on state- 
specific log odds regressions, which include a constant, time, and time 
squared. These predictions are assumed to be those used by house¬ 
holds in making their fertility decisions. Less aggregated data would 
have been more appropriate but are not available, and the sample size 
is too small to do anything reasonable with the individual data.’ 0 

The data therefore consist of the actual periods of births and infant 
deaths for each woman, a predicted husband’s income profile based 
on a semilog quadratic in time formulation, and a predicted survival 
probability profile based on a quadratic in time-logistic formulation. 
In each period, the probability of a birth depends in a complicated 
way on the number of surviving children to that time, the predicted 
f uture income path of the husband, and the predicted (inure survival 
probability path. 

Estimation Results 

The model was estimated for two samples, one using the birth out¬ 
comes of the first 10 periods of each woman’s life cycle (1,880 periods) 

Earnings are (led,m et l>y the countrywide pi ice index dial prevailed al die begin¬ 
ning of eacii ISmondi pcnod. it is obtained liotn National Account* nf WW Malaysia, 
1947-76 

Notice that I abstiact from any serial tot relation in the earnings hinition. New 
information acquiied (luring the lilc cycle icquues updating die Inline component of 
the dynamic piogrummmg decision rule eat h period, wha h gieatly imrcasc.s die com¬ 
putational bmden. 

It was neicssary to extrapolate outside the period covered by the stale-level data 
Also, die state-level data did not precisely conform to the data that were required. 
Details are provided in Wolpin (1982) 
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and the other using birth outcomes over each woman's entire life 
cycle (3,08b periods). The 10-period sample was used to lest (or unob¬ 
served heterogeneity since the composition of the sample changes as 
more periods are added. Because of computational cost limitations, 
only a model with two types of individuals was estimated. Since a 
likelihood ratio test clearly rejected the existence of unobserved 
heterogeneity, results from the 10-period sample aie not reported." 
It is assumed, therefore, that unobserved heterogeneity will not, it 
ignored, seriously contaminate estimates using the entire iite c y< le of 
each woman. 12 The estimates pi esented below therefore are baser) on 
the assumption that the random taste component of the model fol¬ 
lows a serially independent stochastic process. 

The model is formulated slightly more generally than m previous 
sections. In particular, the costs of birth in the first and second pe¬ 
riods are permitted to differ from one anothei and from subsequent 
periods, and the cost ptofile is permitted to have a quadratic shape. It 
is unlikely a priori that income and suivival probability pi oldest an In 
themselves trace the life-cycle fertility profile, as shown in table I 
Moreover, presumed biological constraints early and late in the life 
cycle associated with a reduced propensity to c one ci\ e can be loi mallv 
expressed as a reduced contraceptive cost 01 an increased net cost of a 
birth. In addition, the woman's schooling is atbitiaiilv introduced as 
affecting the incremental utility of a surviving child." 

The structure of the model is, ihereloic. as follows. 

T 

LI! = V 8' ‘(a,, M, - a>M; + p,.Y, |-> ' 

/- 1 

— X f + b(n ( - d,) + (<i»«i + ( L > m j 

where, in addition to previous definition" 
equal to unity it the period is the Inst .<»• 


u t wice the chtteience m the lot likelihood values ol die two mode)> wj\ mil\ J. 
which tails fur shutt ot (he critical x't da) — 49 ()t tnuiw hiving <»nl\ two i\pc > >•( 

individuals might not capline the tine degiee ot hetetogeueuv m the sample 

VJ rheie is olhei evidence to supjion this view l iim. the ohseived \ iii.mu m the 
number of' <hildrcn Imiiii taken ovei all women ami all peiiocU is 1 ‘W | the saiiame 
that would be obtained il the hiith pun ess wassmiplv Ueinoulli is 7 t <. .m<l the vai i tn< c 
that would obtain it women had eithei a child each pumd w\ no dnUhen at all i>. 
11,984, which suggests ilt.u extienu* heieiogenem is not picsein Second thru* secm> 
to l»c little di.seeimble lelaiionslnp InMueen the numbei ot miimmiu; iluMien .out ihe 
obseived 1 requeue v ot childien bom in the subsequent penod 1 lie model pi edit is a 
negative relationship, and unobseived heieiogcne ilv a positive letationship lltmcwi, 
both ot these pieces ot e\ idcnce abstiacl tiom nliseicable heteiogc iuil\ deicrmiii.ini" 
u Schooling could he modeled as a llec ting am oi .ill com oi utihtv pai.nmuis Snue 
it is unlikely that these alternatives could be distinguished enipunallv. die simples? 
re presen tat km was adopted. 



860 


JOURNAL OF POLITICAL ECONOMY 


TABLE I 

Ani'AL and Phkdk.im) Burnt 1’KOHABII I'MCS 
Pc MOD 



l 

2 

•i 

1 

5 

0 

7 

8 

It 

10 

Actual 

1 AH 

335 

.480 

537 

.511 

.505 

511 

510 

516 

.304 

Piedicted 

.134 

330 

543 

538 

.530 

518 

502 

.483 

.400 

.434 


11 

12 

13 

14 

15 

10 

17 

18 

19 

20 

Actual 

410 

.425 

321 

300 

310 

202 

200 

.140 

140 

10.5 

Pied n ted 

.400 

:>«2 

341) 

310 

.282 

240 

213 

.178 

141 

112 

dummy v 

at iable 

equal 

(C) 

unity if 

die 

period 

is the 

second 

and 

zero 

otherwise, 

and .V 

is the woman’s yeai 

rs of 

schooling. 1 ] 

Inis c ) + 

(■in 

+ c 11 


+ c*■> measures the birth cost in period I, c. 2 f ca<» + 2 c n + 4ov 2 the 
birth cost in period 2, and f :(0 + r f ,/ + r :(2 /" the birth costs in all 
periods alter the second. 

Table 2 presents the estimated parameters of the model." Al¬ 
though individual parameters cannot be translated into the experi¬ 
ments of interest, they do provide a simple check on the plausibility of 
the estimates, and thus of the method. All of the signs in table 2 
conform to strong priors; incremental or marginal utilities are posi¬ 
tive and diminishing in surviving!hildren and in the composite good, 
the cost of bearing a child is positive in all life-cycle periods as is the 
maintenance cost, and the discount factor translates into a rale-of- 
lime preference of approximately .093. Magnitudes of the cost pa¬ 
rameters are also not unreasonable, though at the high end. The cost 
of a live birth in period 1 (<|) is M$22,280 (Malaysian dollars) and in 
period 2 ((•>) M$8,12l. The cost of a birth is lowest in period 3, 
M$3,314, and rises at an increasing late reaching M$25,407 by period 
20. These costs are high given that the average level of husband's 
income was about M$ 12,000 and that the Malaysian dollar was worth 
about 33 percent of the li.S. dollar in l%0.' ’ 'The child-maintenance 
cost, on the other hand, is relatively small, only M$l,170. Notice also 


11 I wo maximization routines weie used to obtain lhe final estimates First, a search 
tontine smsimi’ was used to stall bioadly over die paiamelei space and then nn* was 
used lo oailow in on the maximum. Boil) minifies are pail ot the ocjoi'i package 
Asymptotic standard errors are not lepoucd since die hessian (ai die maximum) was 
not negative ilehnile 1 he model was also estimated with r-i, - i v2 = (I Lhe resu lt lion 
was rejected by the appiopnaic likelihood lalio lest. The x" value lor lhe likelihood 
latio test was 204, which exceeds die critical Xz(05) = ■'LOO 

n T he quadrant utility speiilkation does no! rule out the possibility that, because ol 
die magnitude ot some ot these cost paiameteis, consumption will be negative at some 
period lor some individual. 
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I ABLE 2 

Maximum l.lKHIIKXm F.siimads 


Utilily Flint lion l’aiameleis 

a, = 3.4.1 x 10 2 

a.j = 2 94 x 10 7 

P, = ti. 16 X 10 ■' 

Pi = 1.07 X 10 

Yi = 2.42 x 10 7 

y 2 = -5.42 x 10 ' 

5 9 22 x 10 1 


Cost luiittirm i’.ti.tinrU'is 

b - 1 47 x |0‘ 

c, = 1.77 x 10 4 

t, H 09 x 10' 

= 1 95 x K)' 

c,, = -2 HO x 10 J 
<,, = 0 42 x 10' 


Norf likiI jImhkJ -» 


(hat the incremental utility of an additional surviving child rises with 
goods consumption ( 7 , > 0 ) and falls with mother's schooling (y-i > 0 ). 
However, quanlitatively the nonlinear terms in the utility function 
other than schooling are quite small, and this feature is crucial to the 
substantive implications discussed below. 

There are several ways to assess the (h of the estimated model. The 
log likelihood value as shown in table 2 is - 1,920.3. The model de¬ 
generates to a simple Bernoulli process for births if all of the parame¬ 
ters except «| are set to zero; « t must be estimated to retrieve the 
sample fraction of biiths. I he log likelihood value lot the pure 
chance model is —2,059 9. Twice the difference in the likelihood is 
272.4, which is sufficient to reject the pure ihame modi I .11 ilmoo 
any significance level (x J [,01 ] = 20.2 with T’ 

Table 1 compares the actual and 
profiles. Although they are quite e; 
specification of childbearing costs. If tl 
are collapsed to a single puiameter. 0 
profile is essentially Hat rather than 1 
more revealing comparison is shown in 
predicted birth probalriliticscondnion.il on n 

children are shown. Tests for the existence of a 1 ciuiiniisliip l>\ pel met 
in the actual data are shown by the fit st row of y~ statistic s. 1 he second 
row of statistics tests for the equality between predicted and actual. 
Notice first that the manner in which the actual birth probabilities 
vary with the number of surviving children differs across periods, 
where there is a statistically significant relationship (periods 8 , 10 , and 
12 ), at least in one the relationship appears quadiatic. the probability 
first rising, then falling. I 11 only one period is there a discernible 
difference between the actual and the predicted probabilities, and 
there it seems to he the level that is misrepresented and not the 

'" Such a spec ihianon slid ilocs (x'lic'i than the* pine 1 hauic moilt-l 
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pattern. Thus, if there exists a relationship between the propensity to 
bear a child in any period and prior net fertility, it is complex and the 
estimated model seems to capture its essential features. 

I’he estimated parameters may be used to explore the sensitivity of 
fertility over the life cycle to changes in the income profile, the sur¬ 
vival probability profile, child deaths, and niothei's schooling. 


Replacement Effet Is 

Table 4 shows the responsiveness of femlitv to the occurrence ol 
infant deaths. Each entiy gives the expected minibei of t htlclren evei 
born (sums of unconditional probabilities) given that there are M, i 

surviving children as of peiiod / = 2.10. Aveiage (constant met 

time) income and survival piobabilities and average schooling aie 
assumed in the calculation. Replacement responses tan easily be cal¬ 
culated by differencing any two columns for a given low. I he Iasi 
column averages the replacement effects within each row. As the 
figures reveal, replacement responses are small for the sample, an 
infant death induces an inc rease in the minibei of t hildien ever hoi n 
by at most 0.015. *' 


Income Effects 

Income effects are also quite small. Elasticities tend to use with the 
level of income with ait elasticities ranging horn 
between $5,000 and $10,000 to .00 for into! 

$50,000 (table available on request). Also 
to increase births more in earliet life-eve 
come profile tends tei delay biiths slightly 


Sinvix'dl Piobabihty E/frits 

Survival probability effects are not small A leductiou nv tin. pc i - 
cenfage points reduces the minibei ol childien evei benn In about 
one-quarter (table available em request). As the smvival piobabiltiv 
falls, there is also a tendeni v to have children euihci. \ i i'ing sun n.tl 
probability profile tends to delay c Inldbeaimg. 1 bus. wemien air 
more likely to bear children in periods when thev aie more hkelv to 


Kl Olsen hml.s upl.unnrnf effects lor these miiua ci.tt.i ilmt not ihe vinn 

sample) of al>oiH M) pet cent His m ell unjoin^ is 'si.Histn.il in n.tunr 
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survive and will hear more children overall in high survival environ¬ 
ments. 


Mother's Schooling Effect 

Mother’s schooling exerts a strong effect on fertility. Each additional 
year of schooling reduces the expected number of children hy 0 35 
evaluated at the means of the other variables. 


Discussion 

There is a straightforward interpretation of the estimation results. 
Essentially, the estimates imply that this sample of Malay women will 
follow a maximal fertility strategy ill the following sense. If the tost of 
childhearing anti the infant survival probability were constant over 
the life cycle, then each woman would either have a thild in each 
period or have no children at all (subject to the tandoinlv drawn taste 
parameter each period). The fact that childhearing costs are es¬ 
timated to be rising over the life cvtle limits the total number of 
children but not the pattern. This result is directlv tied to the vetv 
negligible magnitudes of the second-order utility lutiction paiaiitetets 
(or., P.., y-i). There is no replacement beh.tviot because the inaiginal 
child, the last child for whom a “positive" net benefit is deiived. does 
not change with child deaths. This would not he the (am d the “m u - 
ginal" utility of surviving c Ittldren were lulhm> -id >- 
lional surviving children. Moieover, system 
random tastes) cannot ati.se given the util, 
mates Rising income pi of ties and snivivul 
otherwise generate spacing, but evidentic > 
be consistent with observed fertility proft' 
the level of fertility is related to the wont. 1 
inlant moitality environment. 

Two issues arise with respect to an assessment ot this appioacti. 
First, would an astnictnral approach yield cjualitativeiv similar tcsulis, 
and second, if it did, would the value of the present approac h then be 
merely aesthetic, in the sense that estimation is tied to an optimization 
framework? 

With respect to the second, in order to appieciate the economy ot 
this methodology, one need only compare the number ol p.uameters 
that would have to he estimated to achieve the same wealth ot empir¬ 
ical implications using an aslructural methodology. A rough calc illa¬ 
tion indicates th.it a minimum of 100 parameters would have to be 
estimated to obtain all of the responses that the 13-pat .nuclei stiuc- 
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rural model can characterize. ,H If the implicit restrictions of the struc¬ 
tural model are correct, a great deal of statistical precision is gained. 
If incorrect, that precision is illusory. Unfortunately, the lack of ana¬ 
lytical solutions for the decision rules seems to preclude a test of the 
restrictions. 

To compare these results to a less structured approach, probit func¬ 
tions were estimated separately for each period of the woman's life 
cycle. To mirror the structuial estimates qualitatively, explanatory 
variables consisted of the number of surviving children, the cutrent 
period and f>- and 10-year-ahead expected income levels, the current 
period and 5- and I()-year-ahead survival probabilities, and mother’s 
schooling. To summarize those results: income effects were negligible 
and mother’s schooling “significantly” reduced fertility, as was found 
in the structural estimation results. Ptior net fertility either had no 
“significant" effect or was positively related to the current decision. 
Ihe latter result is not consistent with estimates from the structural 
model and suggests the existence of unobserved heterogeneity, a sim¬ 
ple version of which was rejected in the structural estimation. Finally, 
the probit estimates imply that a general int rease in the survival prob¬ 
ability reduces, rather than increases, fertility, although as in the 
structural estimates the probability of a birth genet ally decreases as 
future survival probabilities increase. I he probit estimates are thus 
somewhat different from the structuial model estimates, and if the 
latter are a correc t characterization of behavior, the former would 
also be quite misleading. 


Conclusions 

This paper is the hist attempt specifically to model sequential life¬ 
cycle individual fertility behavior in an uncertain environment in a 
way that is conducive to estimation. More generally, it has demon¬ 
strated the empirical feasibility of estimating a dynamic program¬ 
ming model when the problem admits only of numerical solution. 
However, the theoretical formulation contained many important 
simplifying assumptions, and the sensitivity ol the results to those as¬ 
sumptions is an important issue yet to be addressed. Significant com¬ 
putational issues must be resolved if extensions are to be pursued. 
Extensions of the basic framework to incorporate endogenous female 


In 1 he fuse pennd, thine aie 20 (mine- income vauables anil 19 future sumval 
probabilities In period 2, those miinheis aic 19 and IH, lespectively, plus M, ,. Fol¬ 
lowing llus logic (or 20 pel tods yields die figure in die tcxl 
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labor supply, savings, and imperfect contraception would make up a 
rather full agenda for future research. 

The particular problem addressed in this paper, that of the timing 
and spacing of children given significant infant mortality, has been of 
concern to many social science researchers. Specifically, the “replace¬ 
ment effect” estimated from (his model, within a unified framework 
of the life-cycle fertility decision, is much smaller than that obtained 
using other methods. At this stage, in my view, these estimates should 
be taken no more or less seriously than those based on a looser 
theoretical tradition. 
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Cross-Regime Evidence of Macroeconomic 
Rationality 


Roger C. Kormendi and Philip G. Meguire 

University of Chicago 


Rational expectations macromodels predict that the short-um ef¬ 
fects of monetary shocks on real output (y) should be negatively 
related across polity tegimes to the variability ot such shocks 1 his 
paper presents eioss-iegime tests ol this and related propositions 
based on a sample of 17 rounmes. I'fie wilhin-iegitne eslitnates 
reveal a consistent pattern of positive slum-run teal output ellects, 
with neutrality of money holding m the long mu. I lie uoss-tegtme 
tests show that x is negatively related to the vmiante ol monet,u\ 
shocks, positively rehtted to the variance ol real output shoe ks. nega¬ 
tively related to the variance of velocity shocks, and uniclated to 
either the mean or variance ol anticipated money growth 


I. Introduction 

In his seminal contributions to rational i 
roeconotnic behavior, Robert Lucas ( 1972 
proposition that the ellects of aggregate i 
output should be inversely related to tin 
bailees (see also Lucas 197a; Barro I97l>) In n 
proposition, l-iicas (1973) tegiessed detrencied leal incon.c on tin 
changes in nominal income (his measure of aggregate nominal distur¬ 
bances) for each of 18 countries, made .in informal cross-country 
comparison of the resulting coefficients with the vaiiance ol each 
country’s inflation rate, and found some suppott lor a negative rela- 

We wish In acknowledge a special debt to Rolieit llano lot Ins help and guidance on 
this paper. We also wish to thank Lais Hansen. James linkman. Bennett Met allnin. 
Michael Mnssa, Rich.ud t’aiks, Kogc'i Wand, and incmlieisot the Money Workshop at 
the I’niversiiv ot Chicago foi then coimnents on e.uhei dialts 

[ fnunuil t>/ f’n/i/n n{ t.i imnwv, lUH-f sol lltt S| 

■£ 1*>K 1 Itv | hr l nivcisiiv of ( Imago Ml n K |m mmal M O'joVnOl f$OI VI 

»7r> 
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lion. 1 This evidence is generally interpreted as rejecting policy- 
invariant macromodels, that is, models in which the reduced-form 
trade-off between nominal shocks and real output is invariant with 
respect to the parameters of the process governing those nominal 
shocks. Unfortunately, because nominal income is identically real in¬ 
come times the “price level,” the negative cross-country relation un¬ 
covered by Lucas can be shown to be predicted by a class of policy- 
invariant Phillips curve models as well (see Sec. II). 

The purpose of this paper is to test Lucas’s proposition concerning 
the relation between the variance of nominal shocks and the effects of 
such shocks on real output using procedures that avoid this problem 
with Lucas’s original test. In other words, we wish to provide a test 
capable of rejecting the class of policy-invariant macromodels in favor 
ol the class of rational expectations macromodels. To this end, we 
combine Barro’s (1977, 1978) idea of estimating the ef fects of unan¬ 
ticipated money supply changes on real output with Lucas’s idea of 
drawing inferences from a cross-section of policy regimes.' 2 Section 11 
contains a critical review of Lucas’s (1973) test and a preliminary 
discussion of how it can be reformulated. Section III contains the 
details of our methodology. In Section IV, we report the estimated 
decomposition of money supply changes for each country in our sam¬ 
ple into anticipated and unanticipated components. In Section V, we 
estimate the effects of unanticipated money supply changes on real 
output. In Section VI, we implement cross-regime tests of the Lucas 
proposition and other related propositions. The evidence rejects pol¬ 
icy-invariant macromodels in favor of rational expectations mac¬ 
romodels. Section VII concludes the paper. 


II. Testing the Basic Rational Expectations 
Proposition across Regimes 

Lucas (1973) fit the following equation to annual data for each of 18 
countries: 


y,.t = + u„ (1) 

where y, „ the “cyclical” component of (log) real output, is the residual 
from an estimate of y, = r 0 + c\t + y CJ , and Ax, is the change in (log) 

1 Alberto (1981) extended l.ucax’s text to a sample ol 50 countiics and obtained 
similar tcstills. See also Fioyen and Wand (1980) lor related and more detailed texts 
over 10 industrialized countries 

2 llano (1977, 1978), Mishkin (1982), and others test another implication of tational 
expectations mairomodels—that anticipated money supply changes have no real out¬ 
put effect whereas unanticipated monetary shocks do have suth effects. Such tests 
require wiihin-regime identifying restiictionx. As Sargent (I97(>6, p. (iS7) has noted, 
even tl one cannot achieve the within-rcgitne identification icquitcd for such tests, 
rrmt-rrgrtttz tests of the relation between monetary variance and the real output effects 
ol money shocks are still feasible (see also McCallum 1979 and Weber I OH i). 
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nominal income (which he takes as his measure of nominal shocks). 
Lucas then asked whether his estimates of u, were negatively related 
to his estimates of the variance of Ax, < 7 *. Comparing n x and 07 across 
the 18 countries showed that the two countries with ihe greatest 07 
(Argentina and Paraguay) had much smaller d\ than the Hi remaining 
countries. Unfortunately, an important class of alternative models 
predicts the same negative relationship between ri x and a{ even when 
expectations are not rational. 

Consider the following policy-invariant ad hoc Phillips curve-type 
equation: 

y,.i = k 1 + i,A/>, + b 2 y, , 1 -t- (2) 

where A p, is the change in the (log) price level, e, is a white-noise error 
term, and b x is a constant that is not functionally related to 07 ,, that is. 
db\!da 2 p = 0 . 1 Assume also that e,, A p h and y,, ) are mutually orthogo¬ 
nal. LJsing the transformation Ay, — < ) + Ay,,„ equations (1) and (2) 
can then be rewritten as 


Ay, - («« + C|) + 

rt|Ax, + 

(<‘> - 

1 )y,, 1 

+ u, (D 

and 





A y, = ((>(, + r t ) + 

AtAp, + 

(b> - 

Di ,1 

r I',. (2') 

Now consider estimating (1') ’ 

when (2') 

is in hi 

id true. 

.Substituting (2’) 

into the identity Ax, = Ay, + 

A p, yield 

s 



Ax, = (b t) + ( 1 ) -f- ( 1 

+ /ii)A/(, 

+ Hr, 

- 1 tv. 

, 1 ^ (S) 


Using (2') and (,’i), we can solve for the tponrd 
«i in ( 1 ') as 

b ]{ b ] + 1)07, + (' 

1 (b t + l)'o 7 + (b . 

where 07 is the variance of <7 in ( 2 ') atu. 
dd\/d<jj, < 0 , a negative relation between 
variation in cr* across countries is dominated I 

is true in Lucas’s sample. Therefoie, Lucas's empnival ivsuits an 
implied by ( 2 ), even though such an equation assumes a poluv- 
invariant Phillips curve and no rationalitv of expec talions. 

One can avoid this problem with Lucas’s tes! In emploving a real 


’ One could .ilicni.itnclv si 1 iicluie .1 |xilu y-11n.111,1111 nputulhmiil i‘l>illi(>s <une sm h 
as v, , = b„ + A1 (A/?, -A /,)) f , + <■„ where A//, is die cs|«-< tation nt A/s based .mi 

inhumation available at I - 1 , and the lomlusion in the lest would be isscntialh 
unaltered. 

* Although we have assumed (or sun pile tl v that Afi, and >, , , are oithogonal. ulas- 
mg that assumption dix-s not alTeit the main lesult that Aj, tkj;. •- 0 See llano ilosh 
for a similar analysis. 


* 
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output equation such as Barro’s, in which the crucial independent 
variables are current and lagged values of unanticipated money sup¬ 
ply changes. Doing so breaks the identity linking the dependent and 
independent variables in the real output equation and hence elimi¬ 
nates the source of the problem. Consider, then, the following simple 
variant of Barro’s real output equation: 

DY, = (J (L)RM, + y(L)DY, , + RY,. (5) 

RM, is the unanticipated money supply change in period t. DY, is the 
change in (log) real output, assumed to depend on a distributed lag of 
RM, and perhaps some own lagged values. The OLS projection 
coefficients P(/.) and y(l.) are defined as p,/-' and S'ii "Y,/.', 

respectively, where /. is the lag operator and <V| and are assumed 
for empirical purposes to he finite. RY, is the OLS white-noise resid¬ 
ual. (A constant term has been omitted without loss of generality.) In 
the context of (5), Lucas’s proposition holds that the magnitude of the 
effects of RM, on />>', embodied in the p, coefficients should he related 
to the variance of RM„ VRM. In contrast, the class of policy-invaiiant 
macromodels admits of no relation between the p, and VRM. Thus, 
investigating whether the p, are related to VRM in a systematic way 
across policy regimes provides the basis for tests capable of rejecting 
the class of polit y-invariant macromodels in favor of rational expecta¬ 
tions models. 

Some complicationsati.se in structuring tests ol Lucas’s proposition 
that deserve discussion at (his point. The p, coefficients in an equation 
suc h as (5) are properly inlet preled as reduced-f orm (or, as Sargent 
[I979| has put it, "mongrel”) coefficients. Thus, 111 addition to any 
direct struduial effects of monetary shocks on real output, the p, may 
incorpotate the effects of omitted (and perhaps unobservable) slate 
variables. In this regard, even if the direc t struc tural ef teas of RM, on 
DY 1 are conlempoianeous, the reduced-fcn m p, coefficients in (ft) may 
involve (potentially quite complex) lagged effects, in which case sim¬ 
ple predictions regarding the effects ol VRM on the p, are not gener¬ 
ally obtainable (see Sargent I97(>6, 1979; McCallurn 1979; Kormendi 
and Meguire 198‘2). Despite these complications, what might be 
termed the "weak form” of Lucas's proposition—that the p, are re¬ 
lated (but not necessarily negatively) to VRM—inn still be tested 
against the nested null hypothesis that the p, ate invariant with re¬ 
spect to VRM. Our interest, however, will be in a stronger form of 
Lucas's proposition to be discussed shortly. 

Although the P, can in principle reflect a complex structure of 
lagged effects of RM, on DY„ there are some properties that, intui¬ 
tively, one might expect to characterize the P,. First, one might expet 1 
the “short-run" real output effect of monetary shocks to be nonnega- 
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live. Second, one might expect monetary shocks to be neutral in the 
“long run.” Third, one might expect the “peak effect” of a monetary 
shock on real output to occur within at most two years of the shock 
itself. We can characterize these three properties in terms of the nota¬ 
tion of equation (5) as follows. 

Since equation (5) involves the first difference of Y,. the impact of a 
unit RM, shock on Y l+r , which we denote by Xt, is the sum of the first t 
P, coefficients, that is, x T = 2I=o P,- If monetary shocks have nonnega¬ 
tive effects on + t in the "short run,” that is, for t s N\, then 

T 

Xt = X P' 51 0 f ° r T = 0, I__ A',. (PI) 

1-0 

If monetary shocks arc long-run neutral, then the effect of R\t, on 
Y t p V| would be zero, that is, 

,Vi 

X.v, - X P- = (H2) 

< = l> 

Finally, the peak effect of an RM, shock on real output can be defined 
as 

X = max {XtI t = 0. 1..V,. (6) 

T 

The third property is simply 

Xt = X at t « 2 (PS) 

when (5) is specified with annual data ’ I Ik-m- ’’ 
give rise to p, like tfiose in figure I. I In¬ 
in figure 1, would then have the “tn.i 
level specification of Barro (197H) and 
We can now characterize the “stroiu 
that will he the main locus of the pa pc 
“peak effect" of a monetary shock on i 
to the variability of the RM, shocks. I hat , . 

form lational expectations hypothesis that x ai. - .... 

related against the nonrational null hypothesis that there is no rela¬ 
tion between x and VRM. This hypothesis is strong in lhai it mat Im¬ 
possible to specify rational structural models dial yield reduced-form 
P, tor which \ and V7f,YJ are unrelated. Thus, it we reject the null 
hypothesis of no \-VRM relation, ise not onlv reject policy-invariant 
macromodels but also a subset of rational specifications as well. 


1 this ihird propel n is based on general nlisen.nnins on die lengib <it siandaid 
business fluctuations and also lelleits tnedinans i laun iliac monetais shocks base du n 
eflecis on real oiilput over "long anil s.m.ible lags"" ot (i 10 IK inonilis 
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III. The Methodology of the Tests 

Our cross-regime tests of Lucas's propositions are based on the post¬ 
war annual data from 17 countries. The tests have three basic steps.' 1 
First, lor each country a time series of the unanticipated component 
of money supply thanges is estimated. Second, for each country a 
reduced-form teal output equation is estimated. Third, using the 
estimates f rom steps 1 and 2, we test the hypothesis that \ and VRM 
are negatively related across countries. In this section, we describe the 
three steps in greater detail. Our approach in the first two steps is to 
develop procedures that can be applied uniformly to a large number 
of countries. We believe that such an approach is desirable because it 
allows us to test propositions about macroeconomic behavior without 
becoming mired in the idiosyncratic details of each country. 


A. The Data 

The data used in this study are front the International Monetary 
Fund’s international Financial Statistics ( IFS ). The sample of 47 coun- 

h by combining (lie (In ce sleps into one estimation procedure one can gain effk ieni y 
Abel and Mishkin (1983), Pagan (1981), anti Mishkin (1982) disc uss this with respect to 
combining steps 1 and 2 Attheld and Duck (1982), in a paper closely related to this 
one, combine all ihree steps for an 1 Tcountiy system and generate results similar to 
some m this paper. In genet al, using estimates from one regression as inputs into 
another such as we do in sleps 2 and 3 can present econometric difficulties with respect 
to obtaining the correct test statistics. The paper by Pagan (1981) has a particularly 
useful discussion of some of these issues. 
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tries includes all countries for which the following annual series are 
available for a sufficiently long sample period:' (1) the money supply, 
M,, defined as demand deposits and currency held by the nonhank 
public; (2) real income, Y,, defined as gross domestic (national) prod¬ 
uct in 1975 prices. Further details are given in the Data Appendix. 

For the countries sampled, M, and Y, were nonstationary, and log- 
linear detrending did not seem to induce stationarity. For this reason, 
log first differences of M, and Y„ denoted as DM, and DY,, respec¬ 
tively, form the basis of our analysis. For a few countries DM, was also 
nonstationary. For some countries, DM, and/or DY, exhibited some 
first- or second-order autoregressive structure or even some temain- 
ing nonstationarily in the mean. Fable 1 presents some summary 
statistics for DM, and DY,. 

li. Decomposing Money Supply Changes 

The fiist step in our procedure is the decomposition of actual monev 
supply changes, DM,, into its unanticipated, RM,, and anticipated. 
DM, - RM, , components. To generate this decomposition, assump¬ 
tions must be made about the structure of the money supply process 
and the information available. Our assumptions are designed to yield 
a reasonable estimate of the unantu ipated monev supplv c lianges and 
their variance by means of a parsimonious procedure that can be 
uniformly implemented for each counttv in the sample. Specific alls. 
we assume that forecasts of money supplv chunt'cs can be approxi¬ 
mated by variants of the following equation 

DM, = a,i + ct\DM,- i + <i_' 

A successful decomposition of l)M, r- 
variant of (7) that has residuals. RM 
noise. 

With these procedures, we attempt t 
behavior in DM, as reflected in its past >>> . 


7 The 47 rou nines in the sample ,nr .ill those tm which .i ie.il output s< ne' is 
available over at least lit .V7-77 Full details u till respei I to the dal. i lot e.uliioimtn ate 
given in the notes to tahlc I. available liom the authois on ittjuesi 

H It has become deal Itom the woi k of Hattn(1977 197S1. barm and Kush c lt k 
Mishkin (1982), and olhers lhal al least tor ilit* linn d Slates die pai in ulai mcasui c »>t 
unanticipated nione> supplv used does not altei imu h tile estimates o| the coefficients 
of the teal output el let is of monctarv shot k*. ( omp.ii i\on of the i esuh\ of \t tin id and 
Duck (1982) with those in this papei (onhi im this foi 10 oihei commie*. In a<< md un c 
with parsimony, the valiant of ( 7 ) used siippi esses a, i oelhclc nlv Jess than 1 "> M.nidaul 
errors from zero 1 his pietest pint edit it* did not nutcn.illv atleci the estimated |i 
coefficients or the estimated 
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information useful in forecasting DM, may be available and because 
DM 1 itself may be a noisy measure of the true DM„ our RM, may be an 
“errors-in-variables” measure of the true RM,. The effects of this 
measurement problem are twofold. First, our measure of VRM may 
itself be an errors-in-variables measure of the true VRM. Second, use 
of RM, as a regressor in an equation such as (5) may produce biased 
estimates ot P,. These two effects taken together can, under some 
conditions, lead to potential problems in testing hypotheses about the 
relation between p, and VRM. The nature of these potential problems 
will be elaborated in Section 111 A' below. 


C. Step 2—the Real Output Equation 

The second step in our procedure is the estimation o( the real output 
effects of unanticipated money supply changes, based on an opera¬ 
tional form of equation (5). The cross-correlations of RM, and DY, for 
the countries in our sample generally showed no discernible relation 
between RM, and DY, for lags greater than four. Likewise, the cor- 
relograms at (detrended) DY, generally revealed no clear spikes at 
lags greater than two. Thus, we chose Mi - -1 and My = 2 as our 
maximum lag lengths and estimated variants of the following equa- 
non, 

1 2 

DY, = a + V ^ y,DY, _, + 5t + RY„ ( 8 ) 

1-0 

where p,, 7 ,, and 8 are Ol.S projection coefficients and RY, is the 
residual. In principle, one could test for properties (PI) through (P3) 
by estimating ( 8 ) both constrained and unconstiained and testing the 
null hypothesis that the constraints are not binding. In this paper we 
formally test (P‘ 2 ) but confine ourselves to an informal examination of 
(PI) and (P3). 

D. Step 3—the Cross-Regime Tests 

The third step in our procedure is to test the strong form of the 
rational expectations hypothesis, that is, a negative relation between x 
and VRM, against the “nonrational" null hypothesis that there is no 
such relation. In structuring the cross-regime tests, we assume that 
for country / the true x, and VRM, are generated as observations from 

* In a< tozdamt* with parsimony, the variant ot (8) le ported suppresses y, and & 
coefficients less than I 5 standard enois fiom zero. I his pretest proceduic did not 
maleiialJy aflec t the estimated (3, or the estimated x- Also, experiments with lags of DY, 
greater than two and lags of RM, greater than four had little effect on the estimated (3, 
ami 
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the pair of random variables (x, VRM) with a fixed joint distribution. 
Under the nonrational null hypothesis, x and VRM are independently 
distributed, and under the strong form of the rational expectations 
hypothesis \ and VRM should be negatively related. In addition to 
tests of the relation between x and VRM, we will explore related 
rational expectations propositions by examining the relation between 
X and the variance of velocity shocks, the variance of real output 
shocks, and the mean and variance of actual money growth. 

E. Problems in Interpreting the Cioss-Regtme Tests 

Our empirical implementation of cross-regime tests uses estimates of 
X and VRM obtained from equations (7) and (8). I he resulting estima¬ 
tion error in \ and VRM may affect the cross-regime relation. For 
example, in and of itself, estimation error in x and VRM would tend 
to reduce the observed negative cot relation between x and VRM. In 
biasing inferences against the rational expectations proposition sue It 
effects are manageable. The possibility of an interaction of estimation 
error in (7) and estimation bias in (8), however, presents potentially 
more serious problems and hence bears more detailed discussion. 

For the purposes of the ensuing discussion, eve consider simple 
variants of (7) and (8). Assume first that for each regime DM, is a 
while-noise process so that (7) reduces to DM, = RM,. Distinguish 11 ue 
RM* from measured RM, and assume that RM, = RM* 1- <■„ where e, 
is measurement error and RM* and v, are orthog. r d u . 1 !! U ids and 
lags. In this case VRM = VRM* + V . ub< >• ' 
true RM* and V v is the variance of r,. A" 
the simplified form l)Y, = (2 >*RM 

coefficients attached to true RM* and , 
eludes any measurement error in DY„ u i. 
nal to RM* and v, at all leads and lags. 
estimated consistently. Using RM, data, 
sistent estimates, P„ with P, = 0p,*, whete t) 

Moreover, since 0 is the same for all p,, x = 0x‘. wiicic x ooic iiuc 
“peak effect” as calculated from the true pf. and x is the measured 
“peak effect" as calculated from the estimated p,. 

In the case above, the relation between the observed x and \'RM 
and the true \* and VRM* is given by the pair of equations 

VRM = VRM* + V, Ufa) 

and 


X 


K \ VRM* + \\ r 


(9I» 
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Because of the V v term in the two expressions, it may appear that a 
negative bias in the observed \-VRM relation exists. In fact, if VRM* is 
constant and the variation in observed VRM is due to V,„ a negative 
bias does arise. However, if l 7 ,, is constant across regimes and the 
variation in VRM is due to variation in true VRM*, VRM and 0 are 
positively correlated, thereby biasing one against finding a negative 
observed \-VRM relation. Finally, if VRM* and V v vary in proportion 
across regimes, 0 is a constant less than one, and the observed \-VRM 
relation would be biased toward zero. 

The considerations above suggest that the greater the cross-regime 
vaiiation of the VRM* relative to V v and the more correlated is their 
variation, the more likely it is that the observed relation is 

biased auw y from a negative one. However, the possibility of a bias 
toward a negative \-VRM relation does exist, thereby introducing 
problems in drawing inferences from an observed negative \-VRM 
relation. Since (he direction and magnitude of the bias arc unknown, 
we present our cross-regime evidence in Section VI assuming no bias, 
but with the preceding discussion in mind. In addition, Monte Carlo 
results (available from the authors on request) show that in order for 
the negative bias to become severe enough to have a material effect on 
our cross-regime inferences, the observed t russ-regime variation in 
VRM would have to be almost entirely attributable to cross-regime 
variation in V',,. 10 


IV. Decomposing Money Supply Changes—the 
Empirical Results 

The results of estimating the unanticipated component of money 
supply changes in 17 countries, following the procedures set out in 
Section III/J, are reported in table 2." The second column presents 
the estimated model. The key diagnostic statistics used to determine 
the success of our decomposition deset ibe the time-series properties 
of the residuals from the estimated models. The first-order through 

Monte Olio expeliincnts aie necessary because (he exptessjon (or x >s too com- 
plicated lo yield a general analytical expression lor the bias in the obseived covatiance 
between measured x and VRM I be experiments (using lognormal distributions smte 
VRM appears lognoimally distributed) teveal that when VRM* and V, have the same 
cross-regime mean and variance, there is no bias and that when moic (less) of the 
variation in VRM is due to VRM* than to V,. a positive (negative) bias results in die 
obseived \-VRM ielation. The experiments also reveal that only if well ovei HO percent 
of the observed closs-icgime vaiiation in VRM is due to l', would ilie negative bias 
become severe enough to affect materially our inferences, given the strength of the 
empirical results leported in Sec. VI. Foi example, even i! HO percent of the obseived 
vaiiation in VRM were due to V,, ihere would still be only about a 5 percent probability 
that the results were due to a spurious negative bias 

11 These results are discussed in greater detail in Kormendi and Megmre (IH82). 
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third-order autocorrelations and the summary statistic (7(b) are in 
columns 7-10. The typical standard error of the autocorrelations is 
about .18. Thus, individual autocorrelations in the range of ± .25 and 
Q(6 ) values less than about 9.0 are an indication of success. For most 
countries, the probability that the RM, yielded by the parsimonious 
models in the second column are not white noise is low. For a few 
countries (e.g., Bolivia, Denmark, Netherlands) the specified models 
do not yield good diagnostics, usually because of one or two outlying 
observations. The chosen specifications were robust after these were 
deleted, but the reported RM, series used all the data. 

V. The Real Output Equation—the Empirical 
Results 

For each country in our sample we estimated variants of equation (8) 
according to the procedures set out in Section l IK,'. The chosen vari¬ 
ant of (8) was then estimated under the constiaint that the sum ol the 
should equal iero, that is, that the monetaiv shocks should be 
neutral over the long run (|P2) in Sec. I lib ). As we shall see, this 
constraint was not rejected by the data for the set of countries in our 
sample. 1 hus, in table 8 we repent the results of estimating (8) subject 
to the long-run neutrality constraint. Flic results lot the uncon¬ 
strained regressions are reported in an expanded version of table 8. 
available from the authors on request For each regression, the diag¬ 
nostic statistics reported include the first three residual autocorrela¬ 
tions (cols. 17—19) and the (7(b) value (c ol 2<t' '' 
the autocorrelations are around .20 so 1 ' 
of ±.80 and (7(b) values less than ab<>. 
noise residuals. 

All reported regressions were estni.. 
of the available data, and the csiimuti 
similarity. For five countries, we f.uK 
satisfied this criterion. 1 ' these five pi 
ported in table 8 after the other 42 round ics 

to variation in the sample period for each of these counities is severe- 
enough to lead us to regard them with some suspicion 1 hus. in what 
follows, the results we report are based on the set of 42 robust coun- 


- the five ouiiiiiies weie Aiiwn.i, C-ieete. Mcsko. .Sweden, and l i nc^tiav I lie 
nomolmstness tail Ik* thaiatien/cd as follows drifting (hr first and t>t List live ohser- 
\.itions <aused (he estimates of the [3, and x for these t ountiit s to t lunge di.nn.itu alh 
\s here as for die oilier VI tommies the fi, anti x icm.nned rel.nneh stahie lhe lesults 
for tlie.se foe (onnmes tejiortrd in table ‘l are basiialh tepiesenutoe" (in that thr\ lie 
in the middle of the jange of estimates obtained) and einplos as parsimonious a 
spetifitaMon as possible. 
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Philippines .08 .09 - 04 - 13 0 50 .17 25 2.72 29 

(1953-77) (1 8) (1 9) (- 1 0) (-3 1) (32l (4.19) (1.18) 



Portugal 12 -08 - 11 05 02 12 23 108 .-16 

(1954-74, rl 4) (-.8) (-9) l 2) (4,18) (1,17) 

1976-77) 40 51 

South Africa .07 11 - 08 01 - 11 42 18 25 2 92 17 
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tries, but any diffeiences that occur when all 17 countries are used are 
noted. 

The first question about the 3, coefficients is whether they have 
significant incremental explanatory power, /•'-statistics, F ,, for the in¬ 
cremental significance of the set of 3, are given in column 11 of table 
3, along with the relevant degrees of f reedom and marginal signifi¬ 
cance levels. These reveal that almost half the countries reject at the 
10 percent level the null hypothesis that the measured KM,-, do not 
have explanatory power. A Kolmogorov-Stnirnov (K-S) test of the 
marginal significance levels of the /•'-statistics rejects at the 1 percent 
level the null hypothesis that they are drawn from a [0, 1] uniform 
distribution and hence rejects the null hypothesis that the 3, over the 
set of 42 countries do not have explanatory power. 

Next we ask whether leads of KM, have significant incremental 
explanatory power when introduced into (8). Such tests are motivated 
by the work of Granger (1969) and Sims (1972) as tests of econometric 
exogeneity and as specification tests for equations such as (K). For 
each country we included two leads, KM, + \ and KM,, •_>. into the out¬ 
put equations reported in table 3 and constructed an /'-test for the 
null hypothesis that both coefficients are equal to zero. Onlv one out 
of 42 countries rejected the null hypothesis at the 10 petccnt level. A 
K-S test fails to reject at the 20 percent level the null hvpothe.sis that 
the marginal significance levels of the set of 12 /'-statistics are drawn 
from a (0, 1] uniform distribution. 

Column 12 of table 3 presents the /•'-staiisiic s. the relevant de¬ 
grees of freedom, and the marginal signilu 
whether long-run neutrality (P2) is 
(Bolivia, Ecuador, Israel, ;md Nic.it 
levels ate less than or equal to . 10 , ■ 
percent level in four out of 12 comiti 
bet under the null hypothesis I o tc 
of 42 countries is c harac let i/.ed by (I’-' 
whether the marginal significance levels <>i ' 

from a sample drawn from a [0. 11 uniioi m distribution I Ins test fails 
to reject the null hypothesis at the 20 percent confidence level 11 

Given propelty (1*2), property (1M) requires that am positive effects 
of KM, on l)Y, occur prior to the negative "revetsals" that restore 
neutrality. Examination of the regression coefficients indicates that. 


IS lastin' (l'lH-t) imcsiig.trcs lesis nl ilk loii^-iun mim.ilio nl moms and nnoncis 
an interesting rehilion between stub tests and tests of tin* tontemfhunnious e\oj*cruit\ of 
leal output with tesped to mone\ 

11 Foi the highest \.n lame tounmes. uium.il cxjkh Muons models pi edit t mu. ill iedl 
output effects of monct.u v shex ks. l ints, ue uprated the K-S test of (f’2) .liter deleting 
the If) lowest \ tommies. 1 he null In pothesiws still not lejcued <it the 20 percent le\el 
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for most countries, this pattern holds reasonably well. We attribute 
the few deviations to sampling variability. The third property (P3) 
discussed in Section III simply states that the peak effect, x, should 
occur prior to the second lag of\RM,-,. For all but three countries, 
either x occurred prior to the second lag or the 0, that caused a 
violation of (P3) was insignificantly different from zero. Again, these 
results are consistent with the sampling variation to be expected 
across 42 countries. In light of these results, we take our measure of x 
to be the maximum Xt for t ^ 2. We report this measure in column 10 
of table 3. 

We can abstract from sampling variation by examining the mean 0, 

coefficients across the 42 countries, denoting these as 0„ t = 0, I. 

4. Figure 2 plots the 0, and the associated Xt- 

Anticipating the cross-country tests of the next section, we rank the 
42 countries by VRM and divide them into three groups. Group 1 
contains the 15 countries with the smallest VRM values; group II, the 
middle 17; and group III, the largest 10. (These groups emerge 
naturally from an inspection of the empirical distribution of VRM.) 
The mean x T for each group, x T ,„ 1 = I, II, III, are plotted in figure 3. 
The average peak effect for each group, x,» t = I, II, III, is labeled on 
the vertical axis. At all lags, the effect of RM, on DY is smaller for 
group III than for group II and likewise for groups II and I. The 
data plotted in figure 3 are interesting in two respects. First, they 
provide preliminary evidence for the stronger form of the Lucas 
hypothesis, that is, that x' s negatively related to VRM. Second, they 
show that our scalar measure x should be an adequate summary rep¬ 
resentation of the 0 vector when testing the hypothesis. 


VI. The Cross-Regime Evidence 

A. The Cross-Regime Evidence for Lucas's Proposition 

The strong form of Lucas’s rational expectations proposition predicts 
a negative relation between the peak effects of monetary shocks on 
real output, x, and the variance of those shocks, VRM. In this section 
we examine the evidence for this proposition over the countries in 
our sample. In the next section we examine some related proposi¬ 
tions. We take our measure of x from table 3, column 10, and our 
measure of VRM from table 2, column 5 (with VRM = <trm). These 
numbers are presented in table 4 for convenience. The main results 
we report are based on the set of 42 robust countries. Since the five 
nonrobust countries all had 0, coefficients that changed dramatically 
when small subsets of the data were deleted, we are suspicious of the 
resulting x for these countries. As we shall see, however, the pooled 
results are similar to those of the 42 robust countries. 
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VHM 

MDM 

vim 

17)1' 

VHY 


(1) 

(2) 

(3) 

(4) 

<">) 

«>) 

Argentina 

01 

.0420 

.341 

.1024 

.0.566 

001 18 

Austialia 

26 

0049 

065 

.0049 

0024 

00042 

Belgium 

38 

0007 

055 

0018 

.0014 

00032 

Bolivia 

.01* 

0676 

.273 

0676 

0185 

00076 

Brazil 

30 

.0066 

30.4 

0154 

.0053 

.0021(1 

Burma 

(10 

0(56 

.096 

.0156 

0180 

00232 

Canada 

21 

0029 

056 

<1029 

.0046 

00049 

Chile 

02 

0320 

488 

1376 

(1317 

.00077 

Colombia 

.11 

.0037 

.169 

0037 

0036 

00019 

Denmark. 

.19 

0029 

.071 

.0042 

1)030 

00059 

Dominican Republic 

,20 

.0125 

.090 

0125 

(1144 

.00306 

F.cuadm 

.15 

0086 

.138 

0117 

0044 

00046 

FI Salvador 

10 

.0062 

087 

0087 

.00.42 

00037 

Finland 

20 

0055 

099 

0055 

005(1 

00076 

Fiance 

22 

0008 

113 

0014 

.0017 

00014 

Cualcmala 

12 

0062 

.800 

.0081 

.0038 

00039 

1 londuras 

12 

0081 

085 

.0081 

.0077 

.00080 

Iceland 

.Mi 

.0110 

168 

01 12 

.0046 

00158 

Ireland 

27 

0014 

071 

.0026 

0019 

(10021 

Isiael 

19 

.0079 

181 

0079 

0071 

00212 

Italy 

29 

0014 

.134 

.0(119 

0013 

00036 

Japan 

.32 

.0034 

116 

0031 

0045 

00081 

Koiea 

01* 

0231 

357 

.0524 

1)207 

00101 

Netherlands 

27 

0021 

.071 

0033 

0044 

.0(1044 

New Zealand 

14 

0058 

057 

0058 

0027 

00047 

Nicaiagua 

.10 

0112 

101 

0128 

0098 

00(196 

Noiwav 

22 

0005 

074 

0020 

.0016 

00015 

Paiaguay 

09 

0079 

100 

1)207 

.0098 

00054 

Peru 

15 

0079 

.163 

.0079 

0048 

00138 

Philippines 

17 

0046 

088 

0081 

0066 

.1)0016 

Portugal 

12 

0028 

085 

0042 

.0030 

00055 

South Atrua 

IH 

0049 

061 

.0019 

0020 

00026 

Spain 

28 

0021 

139 

0026 

0013 

00060 

Sri l.anka 

09 

0100 

075 

0100 

1)071 

00052 

Switzerland 

23 

0019 

062 

0019 

0024 

00015 

Taiwan 

.10 

0100 

199 

0100 

.0072 

.0001-4 

Thailand 

13 

0032 

093 

.1)014 

(1041 

00033 

Turkey 

■ Mi 

.0013 

179 

1)048 

0033 

00081 

United Kingdom 

18 

0019 

051) 

.0034 

0023 

00034 

United States 

.90 

0005 

039 

0006 

.0008 

.00028 

Venezuela 

.09 

.0077 

.113 

.0124 

(MHO 

.00067 

West Germany 

26 

0016 

097 

0016 

0029 

00043 

Austria 

01) 

0033 

091 

0033 

0036 

000-45 

Greece 

02 

.001)7 

165 

0067 

0035 

00107 

Mexico 

25 

0042 

134 

0042 

00-41 

00082 

Sweden 

09 

.0026 

069 

0026 

0012 

.00040 

Uruguay 
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.0231 
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0437 

.0289 
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Figure 4 presents (he data on x, and \'RM, tor / = 1. . . ■ 12 in the 
form t)f a scalier diagram. Note the prnnot" 
ently nonlinear relation. Since the 
relation suggested by lational e\|« 

(1973) and Barro (l 97b) is itself non 
by a semilog relation, ' we present n 
In X; and VRM r Herein lies ihe csm 


1 ‘ In Harm (!97t>) the analogic lo x ls clae coethc inn cm ilw nit menus dinek tn in in 
Ills eq (15) on p. 11 . which, in his imi.inon. is 

erf a (T, J 

p‘rr';„ 4- (T*f f <T‘ 

Letting 7 ,, = (///ft) aiid 71 = p 2 /(uf + o«), wc tan write this coctln lent, as y = >o (1 v 
7 i V7Wf), where in a given icginic 7 «> and 7 , ate posimeconstants that depend upon ihe 
paiameteisol the s\ stem, and VR.W — raking the log of x vieldsln x ~ In >«» - In (I 
+ y\VRM) ** k n + k\VRM. where k ( ^ 0, and (lie linear appiosimaiion is hettei the 
smaller is 7 ,l 7 f.W (LVsinga higher order approximation does not matetiallv allect am 
of the empirical results m tins paper ) Note that thete mav lie c loss-regime variation m 
ihe parameters 70 and 7 |. I Inis, in oui iross-ieginie tests, we are unpin ids assuming 
that the c ross-regime variation in 7 ,> and 71 is independent o! \ HM 
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Lucas's hypothesis and against ihe nonrational null hypothesis. The 
semilog transformation produces a clearly negative and reasonably 
linear relation. Moreover, although the four extreme values of VRM f 
enhance the negative relation, a clear negative relation exists for the 
main cluster of countries as well. This latter observation is particularly 
significant in light of the importance of the extreme observations for 
Lucas's (1973) empirical results. 

As a means of calibrating the negative relation uncovered between 
X/ and VRM f and conducting some sensitivity analysis, we present in 
the first row of table 5 the correlation coefficients between In X/ and 
VRMj for several subsets of the data. Since the data on X/ and VRM t 
were themselves generated through estimation procedures, their dis¬ 
tributional properties are not fully known (see n. 5). Although this 
rules out precise hypothesis testing, we present the standard l- 
statistics in parentheses below the correlation coefficients and warn 
the reader to use them primarily as a heuristic for interpreting and 
comparing the strength of the observed correlations. We also employ 
nonparametric methods of evaluating the x-V7i M relation. The rank 
correlation coefficient provides a nonparametric basis for evaluating 
the x-f'ffiM relation that is also robust to the functional form. Thus, in 
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the second row of table 5 we present the corresponding rank correla¬ 
tion coefficients (and their /-statistics in parentheses). 

Column 1 of table 5 contains the ordinary and rank correlations for 
the basic set of 42 robust countries. The main point of interest here is 
that the nonparametric rank correlation provides almost as strong 
evidence for a negative \-VRM relation as does the ordinary correla¬ 
tion. In light of Lucas’s finding that his results turned on two extreme 
observations in his sample, we eliminate the live extreme observations 
in our sample—the highest x country (the United States) and the four 
highest VRM countries (Argentina, Bolivia, Chile, and Korea)—and 
present the ordinary and rank correlations for the remaining 37 
countries in column 2 of table 5. The main point of interest here is 
that although the negative relation diminishes somewhat, it remains 
quite strong. Finally, to illustrate the effects of adding the five non- 
robust countries to the sample, we present the ordinary and rank 
correlations for the pooled set of 47 countries and for the five noil- 
robust countries in columns 3 and 4 of table 5, respectively. (Because 
of the small number of observations we do not report the /-statistics in 
col. 4.) Note that although the negative correlations for the pooled 
data are slightly smaller than for the 12 robust countries, the five 
nonrobust countries show strong negative correlations as well. 1,1 

B. The Cross-Regime Evidence foi Related Rational 
Expectations Propositions 

Rational expectations models predict that the •• 
monetary shocks should be related to 


- 

12 Robust 
Omni l ies 

(i) 

1ABU > 

37 Onintru.' 

Ext hiding 
Extreme 

ObseiN alums 
(2) 

V ■ 


Correlation 

- 

- .<>7 

7S 

- S2 


(-'.1 8) 

(- 5 3) 

( 8 I) 

i ) 

Rank 

— ,76 

- 62 

- 73 

- 1 01* 

correlation 

(-74) 

(-47) 

l 7 

(-) 


Notf - We icpoi f ihe Mam lard MIjiimks in |MH*nih<'vrs iindt t the * mat lit it dm iho m dmai v coin Luton m 
|>arlHulat) the distributional jirojicrlies arc unknown (see discussion m u\n In col I we d<> not iejx»n i statistics 
because of the small number of obvivauonv 


'^Although the negative correlation for the sample of fi\e tommies is almost as lai ge 
as for the sample of 42 countries, there ts ttmsuleiablc lieiciostedasiu u\ between the 
two samples. I lns is consistent with our finding that the \ s foi the sample oi ii\e were 
not robust (see n 12 ). 
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monetary shocks, VRM , but not to either the variance of actual mone¬ 
tary changes, VDM , or the mean growth of the money supply, 
MDM.' 1 These predictions can be tested by examining the partial 
correlations between \ and the set of variables VRM, VDM, and MDM. 
Under the rational expectations hypotheses, the partial correlation 
between \ and VRM, with VDM and MDM held constant, p(x, VRM | 
VDM, MDM), should be negative, but the other partial correlations, 
p(\, VDM | VRM, MDM) and p(x, MDM | VRM, VDM), should be 
4ero. 

Since standard policy-invariant models yield the same predictions 
tor the latter two partial correlations such evidence does riot distin¬ 
guish between rational and nonrational models. Such evidence is im¬ 
portant, however, because our measures of VRM, MDM, and VDM 
are all positively correlated— p(VRM, MDM) = .fit). p( VRM, VDM) = 
.63, and p(MDM, VDM) = .79—in which case the negative simple 
correlation between x and VRM observed in table ft may be the result 
of a failure to control for either MDM or VDM. The partial correla¬ 
tion between x and VDM is of further interest, because such a /.ero 
partial correlation would mean that the variance ot antuipatcil money 
supply changes. VDM-VRM, is uncorrelated with x- 

In table 1, we present the data on VDM and MDM. In table 6, 
column 1, we present the partial correlation coefficients for x and 
VRM, x and VDM, and x and MDM, respectively, for the 12 tobust 
countries. In column 2, we present the same partial correlations over 
the set of 37 countries that excludes the extreme observations. As 
with table 5, we present the ^-statistics for the partial correlations 
primarily as a heuristic guide for interpreting and computing the 
strength ot the correlations. 1,1 There are several things to note. First, 
there is still a strong negative partial correlation between x and VRM. 
even controlling for V7)A/ and MDM. Second, although there is some 
evidence of a negative partial correlation between x and MDM, it 
virtually disappears when the extreme observations in the data are 
omitted.'" Third, there is virtually no con elation between x and VDM 


'In Lucas (I {173), e g., the two high vai laucc- of inflation tommies ale also the I wo 
high m<*dn inflation count tics l htts, Ins results cannot distinguish these two potentt.il 
f allots. 

1K We obtain the partial ion elation between \ anil VRM, holding MDM and VRM 
constant, as the ordinary correlation between (1) the residuals ol the oiihogonal (least- 
squares) projection ol \ onto MDM and VDM anil (2) the residuals o( the otthogonal 
projection of VRM onto VDM and MDM 

he rank correlations 101 responding to the pat Hid iot tela lions in table 4 are vers 
similar 

2,1 In lait, the evidence lor a negative x~MDM partial correlation can be naied to a 
single obseivaiion (Korea) I'pon its deletion, the partial ion elation between x and 
MDM is 01 
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37 Counuies hx< liidinK 

PaiUal Correlation 

42 Robust Commies 

t.xiteinc Obscrs aiions 

between \ and: 

(1) 

12) 

VRM 

-fiX 

- 33 


(- 5 U> 

( -2 2) 

MI)M 

- .24 

.16 


(- 1.5) 

(1.1) 

VRM 

- lib 

- 11) 


( - -t) 

(- 6) 


Non I lu* |mi tifil < 01 rchilKm <<k fit* mu I *■ tween x «o*<l W< Vf, holding \Ui\t ami 17 ),lf »oiiM.ml is t alt ul.noi as 
lh* hi ilm.uv »orrrlalmn licx-ui (!) ami irsnliials Imm ihe iiiliin^niul pmjti turn >>i \ unio \fi)M ami li>\f ami 
[2) ilit* H'siduais tioni thcmihoKon.il pmjotlion ol V H A/ onto MOM ami \ DM Ur tenon the sl.imtaid f-sutt edits 
under ihr t.ncat that (In disiiihtinonal pin|xrttrs air not fulls known 

once VMM is held constant. This latter result is important, because it 
shows that while there is evidence of a strong negative relation be¬ 
tween x and the variance of unantuipated monetary shocks, VRM, 
there is no evidence of a relation between x and the sat unite of 
untilifuiled money supply changes, VD.\t-VR\l. 

Rational expectations macromodels also generate implications con¬ 
cerning the effects of velocity shocks and aggregate real shocks on x 
that can be examined using our data. By treating them isomorphic alls 
to monetary shocks, velocity shocks can be introduced into rational 
expec tations models in a straightforward manner, in which case- x will 
depend negatively cm the variability of both sontces of aggregate 
nominal disturbances. However, in Barro (1 MHO), because of assm- 
metric interactions with interest rates, the analogs between inoiic t.us 
and velocity shocks does not hold, and the piedn i» u .. 1 
X and the variance of velocits shocks is am 
the variability ol velocity shocks s\e w. 
changes in (log) velocits (measured as t! 
the money supply), reported in table 1 

Aggregate supply shocks also have I 
expectations macroinodels. In Barro ()' 
ing aggregate .supply shocks depend on 
stochastic processes for moneiaiv shocks, aggit 
relative real shocks, and hence the predicted effect <>! the van.tine ol 
aggregate real shocks on x is ambiguous (see also (.rossman and Weiss 
1982). However, it real shocks are pail of the noise that inhibits 
extraction of the monetaiy signal, the effects should be positive 
Under the maintained assumption that aggregate leal distiubances 
and aggregate nominal disturbances are orthogonal, the v.mance of 
the residuals ol the real output tegressions, YRY, repotted in column 
lf> of table !S and again in table f. can be taken as a measuie of the 
variability of aggregate teal shocks. 
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tabu: 7 


P.lilial C.'oric/.ilion 
bellvecn x and: 

VHM 

VDV 

l TO 

\i ill Sec r lines in r.ihlt- ti 


42 Robust Countries 
(!) 

- .(>2 
(-4.9) 

- 48 
(-3-4) 

26 
(1 6 ) 


87 Countries Excluding 
Extreme Observations 
( 2 ) 

- 60 
(4.5) 

-.80 

(-1.9) 

64 

(4.8) 


To address these two issues we present in table 7, column 1, the 
partial correlations for \ and VRM, \ and VDV, and x and VRY, 
respectively, over the 42 robust countries. In column 2 we present the 
same partial correlation coefficients over the set of 37 countries that 
exclude the live extreme observations. 21 We also present in figures 6a, 
b, and c the scatter plots corresponding to the partial correlations in 
table 7 for the set of 37 countries that exclude the extreme observa¬ 
tions. There are several things to note. First, the \-VRM partial corre¬ 
lations both over the full set of 42 countries and after deleting the live 
extreme observations are still strongly negative. Second, both over the 
full set of 42 countries and after deleting the five extreme observa¬ 
tions, the \-VDV partial correlations are negative, 22 which is consistent 
with velocity shocks having effects similar to monetary shocks. Third, 
both over the full set of 42 countries and after deleting the extreme 
observations the x-VRY partial correlation is positive, and in the latter 
case it is quite large. 21 Such results are consistent with output shocks 
functioning as noise in the extraction of monetary signals. 2 * Although 
the rational expectations predictions are ambiguous, the evidence 
above is of interest because only rational expectations models among 
well-known macromodels give any reason to expect any effects of 
VRY and VDV on In X- Furthermore, these results provide an empir¬ 
ical basis for future modeling of real and velocity shocks. 


21 I he rank correlations corresponding to the partial correlations in table 7 are very 
similar. 

22 The laige negative partial correlation ior the set of 42 countries is dominated by 
the five extreme observations. 

24 The smaller positive partial correlation between x and VRY over the set of 42 
countries is due to one outlying observation —the United States Upon us deletion the 
partial correlation between x and VRY is .56. 

24 The positive x-VRY relation might also emerge if the variance ot aggregate teal 
shocks and the variance of relative shocks were positively unrelated across countries. 
See Kretzrner (1983) for evidence across industries in the United Stales that the vari¬ 
ance of relative shocks is positively related to the output effects of monetary shocks. 
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Mut/i attention has Iteen devoted ret tilth to the development 0l 
rational expectations mat romodcls and to tests ot proposition s ,j t . 

rived trout them. Most of the tests to date have Urn unde/taken , n 
the context of a single policy regime. These tests have taken one ,,t 
the following forms: (!) cross-equation restrictions implied In the 
rational expectations assumption (e.g., Sargent 1976a, 1978; Mishkin 
19H2): or (2) the neutrality of the anticipated components of certain 
policy variables with the nonneutrality ot the anticipated component 
of those variables (e.g., Barm 1976, 1980; Mishkin 1982). Such single- 
regime tests are often difficult to execute or inconclusive because the 
identification problems are potentially severe (see Sargent 1976b). 
Very pret ise structural modeling is required for successful implemen¬ 
tation of these tests, precision that is difficult to attain given the cur¬ 
rent slate of theory and data availability. 

In this paper we have taken an alternative approach to testing 
propositions derived from rational expectations models—the cross¬ 
regime approach first attempted by Lucas (1973). We have utilised 
the data from 47 countries representing as many different policy 
regimes. For each country, we have employed a variant of the same 
simple two-equation macrornodel. File lack of structural precision in 
this two-equation model, although usually fatal to single-regime tests, 
is manageable in the context of our cross-regime tests. 

There are many findings in this paper; we summarize some of the 
more important ones. First, for the countries in our sample, the 
lagged effects of monetary shocks on changes in real output have 
the following reasonably consistent characteristics: (1) current period 
monetary shocks have geneiallv positive effects contemporaneously 
and one period lagged; (2) those positive effects are generally re¬ 
versed through the second, third, and fourth lags, so that long-run 
neutrality of monetary shocks with respect to real output changes 
characterizes the set of countries in our sample; and (3) lor most 
countries, the peak effect ot a current peiiod monetary shock on real 
output generally occurs within a year of the shock. 

Second, the following implic ations of rational expectations models 
with respec t to the determinants of the size of the real output effec t of 
a monetary shock (x) characterize the set of countries in our sample: 

(1) There is a significant and robust negative relation between \ and 
the varianc e of monetary shocks, VRM. This is consistent with Lucas’s 
basic rational expectations proposition. Moreover, it rejects stable 
Phillips curve—type structural models, whereas Lucas’s earlier test, 
properly interpreted, cannot do so. (2) There is evidence of a negative 
relation between x and the variance of velocity changes, VDV. (3) 
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There is evidence of a positive i elation between x and the vai un, r of 
aggregate real shocks, VRY (4) Controlling lor VRM, iheie .s ,,<> 
discernible relation between x and either the variant e of at tua! mone\ 
supply changes or the mean growth rate of the money supply. 


Data Appendix 

All data tor a given country, except price indues, are in units of own cur¬ 
rency. 

Y is real gross domestic product (IFS series 99b p or 99b.r) or leal gross 
national product (/FS series l J9a.p or 99a.r), deluding on availability, and 
measured in 1975 prices, Pre-1960 data lor Austria and the Netherlands are 
from European Historical Statistics (Mitchell 1974). For Brazil, Mexico, and 
Petu, V is l,DP in cutrent puces (IbS series 99b) divided by an index <>1 
consumer prices (IFS series 64) for the last month ol the year, with 1975 as 
the base year. 

X, output in current prices, is either GDP from above oi GNP (IFS series 
99a), whichever is comparable to the available Y seiies for a country. Pie-19514 
values for Nicaragua and pre-1950 values for all other counliies were ob¬ 
tained from 1978 arid 1979 versions of the IES tape, respectively. 

Af (IES series 34), end-of-period money, includes (a) currency outside 
banks and the government treasury and (b) demand deposits held bv lesi- 
dents of the country in its commercial banks, ihe central bank, or the postal 
checking system (if any). Additional significant digits were taken from the 
1971 IFS Yearbook lor Argentina, Ghile, and Uinguav. For Paraguay, M is 
currency outside banks (IFS series 14a) plus demand deposits at commercial 
banks (IFS series 24). 

Further details on the data are in the notes id tables 1 and 2, available Ironi 
the authors on request. 
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On Success and Dissolution 
of the Labor-managed Firm 
in the Capitalist Economy 


Hajime Miyazaki 

Stanford l/mvnnty 


Labor-managed firms (LMFs) in the developed capitalist economy 
exhibit an interesting life-cycle pattern. Often they come into exis¬ 
tence as a way of reorganizing insolvent entrepreneurial (profit- 
maximizing) firms. Yet successful LMFs tend to Ire assimilated to the 
entrepreneurial modus operandi m the long run. I piopose a simple 
theoretical model that explains this f MF phenomenon as the out¬ 
come of the l.MF's intetaction with outside markets, especiallv com¬ 
petitive spot labor markets f he interpretations and limitations of 
the model are also discussed as the basic f ranters oik is extended to 

deal with impel fee tions in capital markets and with.. ■ 11 ' 

markets. 


I. Introduction 

I consider here the establishment and > 

firms (LMFs) within the context of a dew n 

omy. 1 Specifically, I try to give a simple theme u> 

following two points. First, the LMF is frequently established as a way 

I thank Avner Ben-Ner for valuable discussions. In writing the* present \eiMon. I 
have benefited from comments of Masaluko Aoki. Haul Frans, Itsuko Funarama. James 
Heckman, Thomas MaCurdy, Hugh Neary.Jan Srejnar, David VVeislicrg, and Martin 
Weitzinan 1 ain solely responsible for any remaining emus and ambiguities. I Ins 
research was supported by the Stanfold Workshop on Factor Nlaikels 1 also benefited 
from the use of research facilities at Kyoto Institute ot Kionotmr Research and Tin- 
versily of California at Davis. 

1 In this paper the leim "labor-managed firm" (L.MF) is used to designate entities that 
are variously called "worker-owned firms,” "emploree-managed hi ms," ni "(■•ihIiic ci 
cooperatives." 

\Joumai uf Political Economy. 1984. \of 92. no 
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of restructuring an ailing or bankruptcy-prone entrepreneurial hrm. 
Second, when the LMF becomes successful, it tends to be assimilated 
to the entrepreneurial modus operandi. These aspects of the LMF’s 
life cycle have been well documented empirically since the Webbs 
(1920) and Tugan-Baranovsky (1921). More recent records of the 
same phenomena are discussed by many papers collected and cited in 
[ones and Svejnar (1982) and Stephen (1982a). 

My analysis follows Tugan-Baranovsky’s in identifying the availabil¬ 
ity of hired wage workers as leading to the dissolution of LMFs. This 
effect of hired wage workers on the LMF has also been studied more 
recently (Ben-Ner 1982; Stephen 19826). However, the scenario 
given by these authors is limited to the dissolution phase of a success¬ 
ful LMF in the long run. To explain why the LMF existed in the first 
place would have required them to argue that either the LMF’s objec¬ 
tives or the member workers’ preferences had changed over the 
course of the LMF’s life cycle from the formation phase to later, more 
successful periods. Otherwise, since their model is static, their 
scenario implies only the nonexistence of LMFs. 1 propose here a 
unified framework in which both the establishment and the dissolu¬ 
tion of the LMF can be explained as outcomes of the same LMF 
program with the same worker preferences but under different eco¬ 
nomic conditions. 

My approach is to consider the LMF in uncertain market environ¬ 
ments and to integrate the short- and long-run aspects of the LMF. 1 
overcome the interpretive difficulties of previous models, which were 
based on LMF per capita wage maximization, by incorporating the 
risk-averse worker's expec ted utility maximization. The interactions 
of income risk and market uncertainty permit a clarification of the 
relationship between neoclassical profit maximization and economic 
conditions consistent with the LMF’s existence. The same framework 
also allows an emphasis on the effect of capital-market imperfections 
on the economic feasibility of an LMF. 

Two facets of a developed capitalist economy are represented here. 
One is the competitive labor market in which labor service is auc¬ 
tioned at a market-clearing wage rate in eac h state of nature. In my 
analysis, the existence of such a neoclassical labor market provides a 
key conduit through which the LMF interacts with the rest of the 
market economy. 2 The other facet concerns the capital market. As 
usual, a capitalist firm is viewed as an expected profit maximizer; this 
implies that the firm has access to perfect markets in lending and 
borrowing capital across various states of nature. As a comparative 


‘ [lit- economic consequence ot .in alternative laboi mailcet regime is discussed ill 
Sec. VII 
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benchmark, 1 shall first discuss the case in which LMFs have the same 
access to perfect capital markets as capitalist firms have. To gain a 
better understanding of LMFs, however, I shall also consider the case 
of imperfect capital markets. Empirical observations suggest that 
LMFs face discriminatory imperfections in obtaining loans from pri¬ 
vate banks. (For case studies, see Jones and Svejnar [1982] and 
Stephen [1982a].) T he problems of imperfect capital markets are 
pertinent to the existence of bona fide LMFs in the capitalist econ¬ 
omy. 

My maintained assumptions and conventions are as follows: (i) A 
state of nature is denoted by s. Although it is uncertain which s occurs, 
the probability distribution of c is common knowledge. In interpret¬ 
ing the model, it is useful to think that the probability distribution of 
states is analogous to the textbook notion of neoclassical long-run 
expectations and that each state is a particular short-run realization. 1 
shall thus use the term "ex ante” interchangeably with "long run" and 
“ex post” interchangeably with “short run." (ii) All workers are homo¬ 
geneous and their work hours per day are institutionally fixed (8 
hours per day); "wage" means "wage income" per work day. ie(s) 
denotes the market-clearing wage in state s in the competitive labor 
market and is the short-run opportunity cost of labor in s It is as¬ 
sumed that there exists a “reservation" wage income jc such that :<■(<) 
§&/>() for all (iii) Labor input /. is the onh variable input in the 
short run, and the firm’s technology requires fixed < apnal intuits of A 
units. Suppressing K . we express the hint's 
R(L(i), .f), where L(t) is the number ui 
impose regularity conditions s) 

Thus the firm must have at least om 
outputs.' 

Given these assumptions, the entrep' 
is defined as the expected profit-inaxim 
profit in v is defined as 

11(s) = /?(/.('). ') - (1) 

ft is assumed that the PMF has access to a perfect capital tnatket. 
enabling it to make optimally scheduled state-contingent payments on 
the rental cost of K. Denote these debt payments by !)(',). (Generally, 
the PMF pays a small D{s), or eyen borrows /J(s). m low-revenue 
states, and pays a larger />(y) in high-revenue states, so that on the 
average it pays lil)(s) = D.' 1 ho PMF maximizes i. 11(c) and the hank- 


’ 1 lie number 1 is jus! tor sun pin Us amt si.mils leu ihe minimum pci siiimcl iccjiiuect 
lor pioclurtioii using A 

1 Iltiouglioul the paper the expectation opeiatoi h. is across s 
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ruptcy constraint is max £11(5) g D. Because workers can be hired 
from the spot market in each state, 

max £Il(s) = £[max Ilfs)]. (2) 

1 shall now turn to the description of the LMF. 

II. A Model of the LMF 

The l.MF is viewed here as a production coalition of member workers 
with a mutually binding set of contracts. Let M denote the LMF’s 
membership size. In organizing the LMF, M members agree on 
policies for employment and remuneration as enforceable slate- 
contingent contracts. Contract-based membership defines the work¬ 
er’s property right in the firm and identifies the LMF as being more 
than just the production function plus a bankruptcy constraint. As¬ 
sume that membership size adjusts in the long run but is fixed in the 
short run. M will be determined in a manner that is consistent with 
the probability distribution of s. 

Since the absolute size of production surplus is largely determined 
by output market conditions, the desired membership size will change 
as the long-run market conditions change. But there are several other 
economic factors that are also important in the LMF’s membership 
decision. First and most important, a successful LMF has an incentive 
to have a small M. t his arises because the per capita share of produc¬ 
tion surplus tends to be inversely related to M. I bis incentive to 
reduce M can be either reinforced or mitigated depending on the 
LMF’s ability to earn a produc tion surplus in the long run and also on 
the ease with which the LMF can substitute wage hires for members. 
It is in this regard that the l.MF’s interactions with outside labor 
markets become critical in inducing its own eventual demise as a 
labor-managed organization. We may tentatively conclude that if the 
long-term prospect of the LMF’s earnings is good and if wage hires 
are readily available, then the incentive to reduce M will remain 
strong. 

Second, if M is too small, the per capita debt burden can be severe. 
But the concern for the debt burden is most acute in an environment 
where long-term LMF earnings prospects are not good. When the 
PMF is faltering, workers may be able to save the enterprise by invok¬ 
ing the membership solidarity and by sharing the burden of the bank¬ 
ruptcy risk. The members' incentive to spread the per capita burden 
of debts (i.e., the bankruptcy risk) is a force that maintains the organi¬ 
zation as labor managed. The decision on M therefore depends on 
the degree of the worker’s risk aversion and on the extent to which 
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the LMF can shift risks to outside creditors. Capital market conditions 
thus affect die LMF’s membership size. 

Third, the LMF may decide to furlough some of its members tem¬ 
porarily if business conditions worsen. Since layoffs create short-run 
income uncertainty to an individual member, the LMF will find it 
beneficial to create a mutual insurance to cover such risks. To insure 
the members fully against layoff risks, the LMF must redistribute the 
short-run earnings of all members in an optimal fashion between the 
employed and furloughed members. Such an insurance arrangement 
is tantamount to providing optimal layoff compensation out of the 
LMF’s short-run wage funds. The LMF’s short-run policy will there¬ 
fore prescribe maximization of its wage funds in each state, according 
to the rule of marginal revenue productivity. To the extent that the 
LMF can achieve this, the LMF’s earnings capacity will be enhanced 
and its dependency on outside capital markets will be lessened. The 
LMF’s ability to provide optimal self-insurance in the short run is 
therefore another factor in determining the desired membership st/e. 

Empirically it has been obsetved that the LMF's work force usually 
is a mixture of member workers and some wage workers. In my 
model the LMF expands production in the short tun by hiring non¬ 
member workers on a tempotaty basis when business conditions arc- 
good. To retain the character of labor management, however, it is 
generally thought that the LMF members must constitute a significant 
proportion of the long-run work force, although piecise quantifica¬ 
tion is lacking in the existing LMF literature In im .in.ib 'is 1 'hall '.is 
that the LMF degenerates into a PMF ii A/ 
a de facto entrepreneurial manager In 
spot markets. Obviously. Af = 1 is |n 
transformation of the LMF into a dc i 

My formulation underscores the wot 
employment stability, which has been 1 
mary impetus for workers to organize 
1 make the model slightly more formal lit 1> 

used in the paper: r(s) ■= the wage reiiitmeiuimn imiuu os ,m 
employed member of the LMF in v, c(s> = the compensation paid 1>\ 
the LMF to a temporarily furloughed member in s; m( s) - the num¬ 
ber of members employed by the LMF m s: »t(s) = the number of 
wage workers hired temporarily by the LMF from the spot labor 
market at w(.s). 

The short-run membership constraint is given In 

I S w(s) 5 Af (A) 

for each v. Because all workers are homogeneous, the LMF lavs off it' 
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members randomly with probability equal to min {1,1 — [wi(s)/MJ}. 
Kach member’s mean utility in s is given by 


U(s) = 


m(s) 


M 


u(v(s)) + 1 


m(s) 


M 


«(«’(') + '■(■ 0 ). 


(4) 


reflecting the fact that he can obtain temporary jobs elsewhere at w(\). 
The worker’s utility u is assumed to obey the usual conditions: u' > 0, 
u" < 0, u'(0) = u'( x ) = 0, and |/<(())| < *. The member’s expected 

utility is then defined as EL'(s), where E is taken across s. The ex¬ 
pected utility constraint for the I.MF is 


EU{.\) 2 Euiu'U)). (5) 

The raison d’etre of the LMF is that it tan geneiate EU (s) strictly 
higher than Eu(ui(s)). Note that this requirement allows for the possi¬ 
bility that the member receives i»(s) lower than w(s) in some states. 
Indeed, I later emphasize that the willingness of the members to 
accept occasionally low remunerations below their short-run oppot ut¬ 
ility income ie(.v) is crucial to the existence and operation of the LMF. 
Finally, it is convenient to define for each s 


cr(s) = K(m{s) + «(.v), .s) - u<(i)n(.\) ■■ v(s)m(\) - r(s)[A/ - m(t)], 

(H) 


to be used below in specifying the LMF's bankruptcy constraint. 

The LMF is then a firm that maximizes EU(s) subject to (A), (5), and 
appropriately spec ified bankruptcy constraints that depend on capital 
market conditions. In what follows, the feasible set of LMF programs 
is assumed to be nondegenerate; the constraint (5) w ill not be explic¬ 
itly mentioned every time a program is written. File mathematical 
solution to an LMF program may admit a constraint-binding case 
such that M — 1 or EU(s) = Eii(w(s)). A meaningful solution that 
indicates a bona fide LMF, however, is a solution such that M > 1 and 
EU{s) > Eu(w(s)), and 1 restrict attention to such solutions.' Having 
described the basic setup of the model, I go to the benchmark case in 
whic h the LMF has access to perfect capital markets and in which the 
LMF can distribute its production surplus optimally among the mem¬ 
bers. An optimal LMF thus described tan then be modified to give a 
more realistic explanation of the LMF’s lifecycle. 


'Although = £«(w(0) tails «> gcnciale active motives for the workers lo 

establish an LMF, il preserves the status quo incentives ol the existing I.MF I’lovitletl 
that one is laieful about the asymmetiy in active incentive, it is stiaightforwaid lo ad¬ 
mit such a houndary case to the interpretation ot the I.MF. Il is only for clarity that 
I require ihe strict inequality for a meaningful solution. 
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III. An Optimal LMF 

It is useful to think that the LMF deals with two capita) markets: 
internal wage funds and an external capital market. The internal 
wage funds function as short-run risk sharing among the members in 
alleviating income uncertainty due to temporary layoffs. As 1 shall 
show presently, it is instrumental in inducing short-run productive 
efficiency for the LMF. The external capital market, on the other 
hand, affects the LMF’s ability to shift income risks across various 
short-run states. For reasons already stated, they both are important 
factors for the LMF’s decision on AT 
To illustrate the role of r(s). suppose that in a given state the mem¬ 
ber has a risk of being furloughed. If employed, the member receives 
e(.v); if furloughed, he receives r(s) from the LMF plus it'(s) from a 
temporary job. The member, being risk averse, will then desire to 
equalize the marginal utility of income between LMF employment 
and the temporary job. Optimal short-run tisk sharing hence requires 
<(.<) such that 


e(0 = Hw + <(.») (7) 

if rn(s) < A/.” 1 his layoff compensation scheme constitutes LMF self- 
insurance because it is entirely financed within the LMF’s short-tun 
wage f unds by pooling all members’ earnings in c' 

Substitute (7) into (4) and (ti) to obtain 

( (S> = !<(«'( s) + f(sf). (St 

cr(s) = R(m(s) + tt(s) . s ) - tr( >' 

Equation (9) shows that the LMF’s sho, 
parts: a quasi-fixed payment c (s)A/ to 
wage bill for the work force evaluate 
u’(s). Since w(s) is market determined. 
r(s ) in (8). This implies maximization of R ( n ,t 

+ »(«)] in (9), which means that the marginal revenue pioduct i ule of 


If m(') = At, r(0 is (lcTuicd as a slai k vui ijhlc suih that < (O = ;■(> I — a (n 
' Suppose dial a<omucl savsir(v)-*'(') + A and iii(v) At An uisuume polio that 
requites an ex anlc pavineiil from ca<h iiiemliei ol {1 |wpi Atjf|.<■(0 - <|>i - lr| 

with hill indemnification ir(i) - e(s) - k lo eacIi memher laid oft. tiuaks even um. u 
leaves IMF's toi.il i enumerations inn Ii.lilted ai ///(duo) i (A/ m<o|i( 0 this 

scheme is prefeired liy die nsk-aveise memliei and is implemented In a umiiau 
employing m(v). hm with pavinem n'*(\) to die emplmed and u’(v) k n> die fur¬ 
loughed, where hi*(i) = |m(i)/At]ie(v) t- (I - fw(i)/All}|<(o + *f A similar logic 
applies if n'(i) is less (hail < (s) + k (o lie-in w idi. In dial i ase, die memhei piefeis lavnlf 
loLMF einplovmem: a premium tale of m(v)/A/ should he iliaised loi lull coveiage nl 
r(.\) + k - n'<')- 
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employment holds insofar as the LMh has access to the spot lalxi 
market. Observe 


R'(m(s) + n(s), s) = w(s). (10) 

Max R(m(s) + n(s), .s) — w(s)[m(s) + n(s)] = max Il(s). (II) 

Efficient employment decisions by the LMF take into account the 
member’s short-run opportunity cost of LMF employment, that is, 
w(.(). The upshot is that both the LMF and PMF have the same em¬ 
ployment and output supply in their common production states. 8 

LMF self-insurance eliminates short-run income risk but leaves the 
members exposed to long-run income risk. To model this I turn to 
the benchmark case in which the LMF has access to the same perfect 
capital market as the PMF. The LMF's bankruptcy constraint is then 

E(t(s) i? D. (12) 


Formally, the program is to 

(L-l) maximize Eu(w(s) + c(s)) subject to (3) and (12). 

Fhe Evr(s) constraint means that the LMF can smooth out the v(s) 
fluctuations by shifting risks to risk-neutral creditors. I thus obtain a 
constant income path: 9 


w( j) + t (v) = v (13) 

for all s. The LMF member is guaranteed a stable income and utility 
stream; EU(s) = u(v) = u(Eiv(s) + Ec(s)). Maximizing EU(s) be¬ 
comes equivalent to maximizing Ec(s) + Eiv(s), but Eiu(s) is market 
determined. Hence, (L-l) reduces to maximizing onlyEV(s). Since the 
bankruptcy constraint will be binding in the solution, I can further 
write 

_ E{R(m(s) + n(s), s) - w(s)[w(s) + n(s)] ~ D] (]4 , 
1 ’ M ' 

Then, from (12), for a given membership size Af, 

,, , , Efmax fl(s) — D I maxETI(s) - D ,,,, 
max Ec(s) = —-^- 1 = --’ (15) 

H That is, L(\) = m(s) + w(a), where L(\) = arg [max 11(a)] of (1), and w(a) + «(a) = 
arg [max tr(v)] of (6) given M. I he shutdown state, however, differs between the LMF 
and the PMF. This is because the member’s v(i) does not necessarily coincide with it»(v). 

g This is an extension of the previous self-insurance aigument combined with 
the “Azanadis and liaily” theorem on fixed wage income. When members are fully 
employed by the LMF, c(t) again is defined as a slack variable v - w(.s). 
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From this I immediately have the following proposition. 10 

Proposition 1: In (L-l) the LMF guarantees u(v) > Eu(w(s))\ and 

M = 1 and v > Ew(i) if and only if max £ 11(a) > I); (i) 

1 § M < 00 and v = Ew(s) if and only if max £11(5 ) = D\ (ii) 

M = 00 and v < Ew(s) if and only if max £n(%) < l). (lii) 

In an environment where the PMF can operate profitably on the 

average, the LMF can increase its per member remuneration if it 
replaces its members by hired wage workers. This is because the aver¬ 
age wage bill paid to tile hired worker is strictly less than the mem¬ 
ber's guaranteed remuneration. The reduction in the LMF mem¬ 
bership can occur through retirements and turnovers. Departing 
members will not be replaced as long as £ 11( s) exceeds D. The incen¬ 
tive for the LMF to reduce its membership si/e continues in this way 
until only one member remains, all other workers being hired from 
spot markets. The result is the generali/ation of Tugan-Baianovsky, 
Stephen, and Ben-Ner." This logic of LMF degeneration is different 
from the conventional explanation, which relies on an (implausible) 
assumption that the LMF’s capital cost is negligible. 12 

The proposition above also says that the existence of a bona fide 
LMF is consistent only with an environment in which the PMF is 
expected to become insolvent. To put it differently, when the PMF is 
likely to go bankrupt, the firm may survive by becoming an LM F I bis 
is because the worker’s risk aversion to lncome-cum-cmplos merit risk 1 ' 


10 Let us prove lhal u(P) > It • 

11(0 < we only need 10 find M su« li 

\f.c(s)\ < \v> lira., 

Bui Ec( s) < () and Et (0 -* 0 .is M —* ~ r \ 
must hold. This establishes that the e\p» 

11 Since then wage-maximizing iiukU 
defined as a firm that can pav x> > w <i < 
successful. On thenthet hand, d ll < I) in iluu 

incentive to start an LMK Therefore, their modi I unpin s <hii\ iu ..s. 

tence of a bona hdc LMF. 

2 In the conventional slot), which does not adum the pussibiliiv <»l lined wage 
workers, the LMF maximizes |*»r capita income r - - />] ,W It deieimines \/In 

R’{M) = [R(M) - D)l\l. If R is < one a\e, M is an mi leasing f mu non of /). and \f—* 1 as 
/)—►(). A natural adaptation of the conventional LMF model to oui un«eiunits 
framework is to lei the LMF solve (L-l) under the condition that it does not hue wage 
labor, i.e., n(s) = 0 for all v. I hen A/ will be deiei mined unptiuilv b\ ER'(m(\). \) -■ ' 
E{R(m(s), a) + Once again. dMidl) > 0 and \t —* I as l) —* 0 

provided that R is concave in m for each v Without lined wage woikus. the convc n- 
tional LMF' model predicts M = I if and onlv it I) can be made negligible In contrast, 
our proposition shows that whenever FTI(c) > I), M = 1 even if /) is sigmlicanih laigr 
Clearly, it is the interactions with the outside wage-ljboi maiket that degcneiale the 
LMF in (L-l). 
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enables the LMF to attain the wage bill reduction that is necessary for 
the firm’s survival. Further, each member of the LMF finds it bene¬ 
ficial to share the firm’s debt burden with as many fellow workers as 
possible because the firm’s expected “shadow profits” are negative. 

The (L-l) program suggests that the long-run existence of the LMF 
is inversely related to the expected shadow profitability of the firm. 
The workers of a failing PMF can collectively have an incentive to buy 
it out and reorganize it into an LMF. If the long-run shadow 
profitability of the LMF improves, however, members lose the incen¬ 
tive to maintain membership si/e. In a long-tun steady state with 
positive shadow profits, the LMF will dissolve into a de facto PMF. To 
emphasize, the LMF in the present context is productively as efficient 
as the PMF throughout its life cycle. The existence of the LMF merely 
underscores the PMF’s inability to avoid bankruptcy through wage 
cuts and other labor concessions; the LMF dissolves into the PMF in 
spite of, and because of, its very success in the long run. 

An interpretive anomaly in (L-l) is that once the LMF becomes 
feasible, its desired membership size becomes unbounded. This 1111 - 
houndedness in Af results from the insurance operation of the LMF, 
not from the actual production of output. The actual work force 
employed, m(\), is always finite under the usual assumption of a con¬ 
cave revenue function. Because optimal risk sharing-cum-shifting 
makes the member completely indifferent between LMF employment 
and jobs elsewhere in any state, however, the LMF as an insurance 
company effectively possesses a constant-returns-to-scale technology 
in M. Thus, if F'c(t) < 0, which is necessary for the LMF’s existence, 
/■.'ct(.s) increases without limit as M becomes unboundedly large. All of 
this implies that the LMF’s membership size will be delimited if it is 
not possible to insure fully the member’s income either in the short 
run (within each s) or in the long run (across s). As 1 shall show in the 
next two sections, however, incomplete self-insurance and imperfect 
capital markets have their own elfects on the operations of the LMF 
as they respectively serve to limit the potential membership size. Such 
extensions of the basic model to impel feet environments are not only 
more realistic but also helpful to understanding the government's 
practice of underwriting capital loans when the failing PMF is bought 
out by its employees. 


IV. Incomplete Self-Insurance 

Proposition 1 states that a necessary condition for LMF existence is 
Ec(s) < 0. It means that members accept occasional v(\) < u<{ s) to 
obtain a long-term gain u(v) > Eu(w(s)) irom the LMF. A negative 
c(s) also means that furloughed members channel jjortions of their 



LABOR-MANAGED FIRM 


9'9 


outside earnings back to the LMF to ensure the optimum self- 
insurance. Obviously, enforceability problems will arise in such trans¬ 
fer arrangements unless the LMF is founded on a strong feeling of 
member solidarity. Practical difficulties nevertheless exist in correctly 
assessing c(s) if there is uncertainty as to the jobs available elsewhere; 
if taxes and benefits of government-financed dole are not completely 
experience rated; if ze(.c) includes the value of home production and 
leisure; if workers have sources of unearned income, etc. Generally, 
ex post transfers are likely to be less efficiently assessed, the more 
heterogeneous workers and firms become. It is therefore realistic to 
consider the case of LMF in which such transfers are suboptimal. I 
analyze here a simple case where r(v) = 0. M To isolate the effects of 
incomplete self-insurance, howevei, I continue to assume that the 
LMF has access to risk shifting across states. 

Formally, the LM F’s program is modified to 

(1,-2) maximize EU(s) subject to (3) and (12) 

where U(s) and <x(.v) are given by 


VU) 


M(0 

M 




+ 


W(s) 

M 


G(k'G)) 


(Id) 


and 


ct(.i) = R(m( i) 4- /;(»). *) - «'(»)«(') - ;(>)/«(>). (17) 

Since the acioss-state iisk shifting is sii>! 
of smoothing the member's remum 


constant for all s. G.learly. v can l» 
fluctuates. 

Since risk-neutral creditors absu, 
fluctuations, the LMF’s long-tun pin- . 

marized by using (11). After some manipcu.,. , 

Appendix, it is possible to conhrm 

EU(.s) § u(Exv(s) + ^)/-.|m;.x 11(0 - /)]j. (19) 

from which several observations follow. Iii the environment in which 
the PMF is profitable, no bona licit* LMF can exist because the rigln- 
hand side of equation (19) will then be maximized at 1 — m(s) — M. 
An LMF will be organized only if the PMF is bound to be insolvent. In 


1 ’ It is U'l hnu.illv straightforward to extend the analvsts to a txmnding caw such as i 

)Sf 
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(L-2), however, if the PMF is gravely insolvent it does not pay to 
reorganize it as an l.MF, for the requirement EU(s) > Eu(w{s)) can¬ 
not he met if the expected loss D - £[max 11(5)] is too large. This is in 
contrast to (L-l) in which the optimal self-insurance coupled with 
perfect capital markets always ensured economic viability of the LMF 
in the event of PMF insolvency. Also, in (1.-2) M will not be un¬ 
bounded; because m(s) is finite, an infinitely large M reduces the 
probability of LMF employment, to zero, and hence the mem¬ 

ber obtains just Eu(w(s)). In other words, the lack of optimal layoff 
compensations makes the income differential due to furloughs risk¬ 
ier. The risk-averse members will try to mitigate this income risk by 
raising the LMF employment probability, which implies that M can¬ 
not be too large. 

Lite foregoing intuitive explanations are made precise in the Ap¬ 
pendix; we summarize the results below: 

Proposition 2: The solution to (L-2) entails: 

v > Ew(.s) and M = 1 if and only if max £ll(.s) > D, 

v < Ezu(i) and 1 < M < » if max ETl(j) < D, 

v = Etv(s) and 1 S M < * if max £TI(s) = D. 

The incompleteness of self-insurance eliminates the constant-returns* 
to-scale aspect of the insurance operations, anil the size of an LMF 
becomes delimited by market conditions and the production technol¬ 
ogy. Despite the absence of optimal transfers between the employed 
and furloughed members, a bona fide LMF tan still be viable in (L-2) 
because members are willing to accept occasional subpar remunera¬ 
tions in return for long-term income stability. 

1 he lack of efficient risk sharing, however, induces certain ineffi¬ 
ciencies in the LMF's ex post production. Because the “price” adjust¬ 
ment in terms of wages and layoff compensation is now limited, the 
members’ risk aversion will cause the short-run employment level 
rn(.s) to become larger than the productively efficient level. These 
short-run “quantity” adjustments in tn(.s) can be seen as follows. First, 
when v < u>(s), ex ante efficient risk sharing would have required the 
furloughed members to contribute their outside earnings to the LMF. 
In the absence of such ex post sendbacks, more members are obliged 
to engage in LMF production for v below w(s). On the other hand, 
when v > w(s), the member incurs an income loss from being fur¬ 
loughed. In the absence of optimal layoff compensations to mitigate 
this risk, the LMF increases the employment probability by retaining 
members beyond the efficient separation level. Either way, LMF pol- 
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icy entails short-run overemployment. Efficient short-run employ¬ 
ment is fortuitous only in states where v - w(s). 1 ' 1 

Because of this short-run overemployment, the LMF in (L-2) will 
not exactly duplicate the employment-cum-output path of the PMF 
counterpart. But, unlike Ward’s (1958), Vanek’s (1970), and Meade’s 
(1972) Illyrian firm, which reduces output in response to a rise in its 
output price, my I.MF always exhibits a normal supply response. To 
see this, consider a competitive case such that R(\ s) = sf(-), where s is 
the parametric output price and j the firm’s production function. It 
can then be demonstrated that output supply, m(s), and n(s) are all 
increasing functions of s. This is because across-state risk shifting 
enables the I.MF to maximize implicitly Fcr(s) for a given level of 
liU(s). This can be achieved by planning to sell more output in high-t 
states. 


V. Imperfect Capital Markets 

Others have argued that financial markets are biased against LMFs in 
favor of PMFs. To incorporate capital market imperfections that the 
LMF might face, I specify in this section a state-by-state bankruptcy 
constraint as 15 


cr(.s) 2 f) (20) 

for each s, where cr(s) is given by (9i 1 
that the LMF can implement opr 
short-run efficiency conditions su< i 
from the neoclassical norm will lx- T 
fections. 

The new program is to 

(L-3) maximize Eu(u>(s) + r(s))suii|<< 

Because (20) is a binding constraint in each stale. 

max Eu(w(s) + c(s)) = E max it(w(s) + r(s)) = Eu( a'(') + max r(0| 

( 21 ) 

14 All of this i.iu be made precise bv inspecting die tnsi-ordcr conditions ot il.-Zi 
they are: (i) n(t) > 0 only if m(c) = M, (n) l< i) < :e(i) it I /// < s) U: (ml f-'j/i' (ml > 1 

+ rt(s), s) — i'lm(s) — 0. 

14 A tacit assumption has been dial die indnidtial wot kcr is unable lo obtain a long¬ 
term stale-contingent constiniption loan unless tile emplosei linn .manges it lor him 
Hence, the firm’s difficulty in borrowing across stales diretlb iranslales inlo die not k- 
er’s inability to make interstate substitutions m bis consumption income stieam 
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Furthermore, c(s) = {R(m(s) + n(s), s) — w(s)[m(s) + m(s)] - Dj/M, 
and 

, . max I1(.0 - D , 00 , 

max c(i) = - rr -• (22) 

M 

In the rest of this section I economize on notation by writing n*(s) = 
max [11(a) — I)]. 'I'herefore (L-3) becomes a program to c hoose Af so 
as to 


max Kutw(s) + - V (23) 

M \ M ) 


From (23) it is evident that any meaningful LMF solution in (L-3) 
will have a finite Af, so that Eu(-) > Eu(w($)) can be met. Also, if ll*(.s) 
> 0 in every s, then M ~ 1 and de facto entrepreneurial production 
prevails. Unlike (L-l) and (L-2), however, the LMF will never be 
organized if II*(.s) < 0 for all s. Because the LMF here lacks access to 
interstate debt financing, mutual risk sharing becomes a more central 
motive for the establishment of an LMF. I elaborate here on the role 
of risk aversion and income fluctuations in the determination of Af. 

The LMF can reduce the member’s income risk due to the across- 
statc variability of I l*(s) by enlarging Af . But a larger Af means a lower 
per capita income in each state. Further, because both w(s) and ll*(s) 
fluctuate across states, the member's expected utility initially de¬ 
pends on their covariance. The extent to which income smoothing 
takes place via Af depends on how f'.'[n*(t) + ut(.s)| and cov [ui(.s), 
n*(>)] get translated into the mean and variance of the member’s 
utility. The need for smoothing will therefore be greater as the mem¬ 
ber becomes more risk averse. One tan see these effects on A/ more 
clearly if one checks the derivative of Eu(w(s) + [n*(.v)/Af ]) with re¬ 
spect to Af. Then, 


sgn 


dEu(u>(s) + | ri*(j)/Af J) 


dM 


-sgn 


Eu'^w(.s) + 


n*0) 


M 


mo 


(24) 


T he sign term of the right-hand side can further be expanded as 


Ell'l U’{.s) + 


n*0) 

Af 


/in*(s) + cov 


n*(o. u’ft<'(') + 


n*( 4 ) 

Af 


■ (25) 


ft is not possible to determine a priori the sign of this covariance 
term. 11 ’ If SEu(-)/dM > 0 as Af —* *>, Af becomes unbounded. That is, 


o a eu'(w( 4 ))H*(.5) 

(2b) 

= Eu'(w(s)) ■ £II*(.s) + cov [u'(w0)< 11*0))]- 


H, lf u'is linear. cov{n*(A), u'(u'(s)) + |U*(0/M]} = [var + iov|I1*(a), u*(\)J» 

Even then, the sign of <ov [ll*(.\), uj(a)| cannot he deteimined a prion. 



LABOR-MANAGED FIRM 923 

On the other hand, M = 1 occurs if and only if dEu(-)/dM < 0 at 
M = 1: 

0 S Eu'(w(s ) + n*(s))n*(s) 

= Eu'(w(s) + n*(s))EIl*(s) + cov [u’(ic(s) + n*(r)), n*(s)]. 

Therefore, a bona fide LMF as an interior solution (1 < M < *) exists 
if and only if neither (26) nor (27) holds. 17 
Summing up, we obtain: 

Proposition 3: The LMF in (1,-3) has a finite M that is uniquely 
determined by equating (26) to zero. When the LMF exists, n*(s) 
fluctuates around zero and satisfies the following inequality condi¬ 
tions: 


cov [u'(it>(i) + n*(r)), ll*(i)l 

Eu'(u'(s ) + I1*(0) 

< -(£Tl*(s)) 

cov [iy'( w(s>), ll*(t)] 

Eu'(u>(s)) 

Clearly, depending on the sign and magnitude of the covariance 
terms, the existence of the LMF is consistent with either a positive or a 
negative EIl*(v). It also turns out that the interpretations of the LMF 
in (L-3) differ as cov [«>($), !l*(?fl be- ■ 
discuss the two separate cases It- 
Case I: cov [u>(«), 11(.v)] > 0 
It the firm’s business perfonp 
roeconomic fluctuations in the < • 
and cov [»;(*) + II*(s), ll*(.v)] < 
covariance conditions imply in p, 
is consistent only with ATI*(t) 
previous findings but can be explained 
that II*(s) fluctuates between positive and i.i g.iii 
< 0, the member’s expected income is less than Ew(\). Additionallv. 
because members lack recourse to outside risk shilling, the positive 
covariance between w(s) and ll*(s) only increases the membefs in¬ 
come risk. Consequently, the risk-averse worker will not be motivated 


17 In (23) the inaximand £m( ) is not nccessaiilv concave in M Neveilheless, In ( i is 
locally concave in ihc neighborhood ot ,\f snth dial SfiitTidl - 0 Hence, hi imped¬ 
ing the respective asymptotic values ot a£i/( )/c1AI as ,W —» x, we can verity it ilieie exisis 
an interior solution (I < At < vc) to (23) Also. (2ti) and (27) are inutuallv consistent in 
the sense that Eu’(n'(v))n*(v) 0 implies that £V(ir(v) * ll*(v))!l*(v) < * 1 

lfl This is to say that the wages vary proc vein ally with the peilotmjnec ot the econ¬ 
omy. It has also been known that the pi of it share of GNP has I wen much more volatile 
than the wage share. Note also that cov lU*(v), u(v) + ll‘(v)| > 0 does not miplv cov 
{Il*(v), w(c) + jn*(v)/M|) > 0 lor ,\f > 1 
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lo set up an LMF. The situation is opposite with £TI*(.$) > 0, in which 
case workers have incentives to participate in the LMF because they 
expect to obtain income higher than Ew(s). Further, if Il*(r) fluctua¬ 
tions are sufficiently volatile, risk-averse workers will find it beneficial 
to reduce the per capita I3*(s) variability by a factor of M. 

When a positive £n*(s) is a necessary condition for the LMF’s exis¬ 
tence, workers will be less concerned with income losses due to the 
firm’s bankruptcy. Their more immediate motive is to obtain a larger 
share of the firm’s quasi rents and to increase Eu(-) above Eu(w(s)). 
The practical manifestation of this type of LMF is perhaps found in 
partnerships and professional group practices—for example, accoun¬ 
tants, lawyers, medical practitioners, and financial intermediaries. 

Case 2: cov lie(s), fl*(.r)] < 0. 

Since the short-run ui(s) will be determined largely by the overall 
condition of the labor market, microeconomic disturbances particular 
to a given firm can cause a negative cov [u/(t), II*(.s)j. Such a scenario 
includes industries that are declining more rapidly than the cross- 
section average of the economy. More generally, a negative cov fui(s), 
will be observed if the firm’s output market—that is, R(-, s) 
function—is statistically more stable than the labor market, that is, 
«>(s). Now suppose cov [«»(.?), ll*(v)] < 0 and cov [u>(0. II*(s) + w(s)] 
> 0. 1,1 Then there is a neighborhood around £TI*(.j) = 0 in which the 
inequalities of proposition 3 can be met. The LMF’s existence is again 
consistent with £II*(s) > 0; both risk reduction and rent seeking can 
account for such an LMF. If the firm’s debt burden is not excessive, 
workers can be motivated to restructure the insolvent PMF. 


VI. Qualifications 

The detailed features of my analysis obviously depend on the simpli¬ 
fying assumptions, but the principles that it illustrates are general. In 
this section I suggest some interpretive qualifications and extensions 
that follow directly from the foregoing analysis. 

A. Imperfect Capital Markets 

When there exist simultaneous imperfections in the capital market 
and in the implementation of self-insurance, the technical analysis 
becomes less tractable. Clearly short-run overemployment occurs, 
and the potential size of the LMF will be delimited. Surprisingly, 


Because is the total proht ot the film as a whole and ie*(j) is the per tap- 

ita wage income, cov [fl*(s), n>(») + 1 I*(j)] > 0 is not inconsistent with cov n*(s)J 
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however, simultaneous imperfections in the capital markets do not 
alter the essential implications of the expected utility inaximi/.ation 
for the LMF’s short-run behavior. Such an LMF might deviate notice¬ 
ably from the neoclassical norm only in the very low-revenue states in 
which the LMF would still operate but its twin PMF would shut 
down. 20 


B. Internal Financing 

Vanek (1975) argues that LMFs in a capitalist economy are likely to 
rely more heavily on internally financed investments than PMFs. He 
explains this tendency as resulting from discriminations in capital 
markets, which are generally mistrustful of labor-managed organiza¬ 
tions. Internal financing reduces external debts l) in the model. To 
the extent that it eases the I.MF’s bankruptcy constraint, internal 
financing reinforces the incentive to reduce M. 


C. Member/Wage Labor Substitutability 

The dissolution episode of a successful LMF has been made dramatic 
in our scenario because of the assumed worker homogeneity It is 
more plausible that the long-term members and temporary wage 
hires differ in their labor quality, especially it the LMF’s rents are 
generated by its organization-specific human capital 1 he l.MF s reve¬ 
nue function should then be H(m( O. z; (s i > < c on . 'In- mn» i f< < t 
substitutability between members i 
able they are and the more piom 
are, the larger the long-run mem! 

LMF. 21 


™ t his statement can be illusuatecl nm-, 

The I.MF has an upwaid-sloping output siipplv ■ 
the PMF also produces. But there is a lange nt uh ,> . ( 

produces and the PMF shuts down in the short run if t> in this lim -output pi it t i ,mgi 
that a portion of the LMF’s shniMun supply ume might have* a ncg.m\el\ sloped 
section. This is not, however, the same kind o! well-known pet\ct mu" as is seen m ilit* 
Vanek-Ward Illyrian firm There a use of the output puce per se tausc\ a negatixeb 
sloped supply curve evetywhetc. In the case being discussed, tlu* excessive slum-win 
debt burden obliges the LMF to employ its members at remunerations below then 
shadow wage Because of the simultaneous impel lections in the internal and external 
capital markets, such a wage-employment rule is nevcitheless consistent with 11 (O 
maximization When the output price lises in that tango, the LMF mas be able to 
iclcase some of its members fiom the “m\olunlar\” o\eicinplo\mciu situation, iheiebv 
possibly reducing its output supply See Miyazaki and Nearv (h*K3) tor details, 

1 If R is linear homogeneous in (m, n % other vanahle inputs), then M - 1 once again 
even with imperfect substitutability between m and w 
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CPMF (contractual) to distinguish it from PMF; for the CPMF 1 call M 
the labor pool. 2,1 

From the structure of programs, it is clear that there exists a short- 
run qualitative equivalence between the CPMF and the LMF. Once Af 
is determined, the short-run employment rule of the CPMF is essen¬ 
tially the same as that of the LMF under perfect capital market condi¬ 
tions. The comparison of the two programs suggests that if the CPMF 
goes bankrupt, then its dual LMF will also become insolvent. Hence, 
at least in theory, insofar as entrepreneurial firms offer employment 
contracts, it is difficult to see why pure LMFs should exist as alterna¬ 
tives to failing CPMFs. However, even in the regime where labor 
market transactions are pervasively contractual, there are reasons 
why the firm’s wage-employment policy is likely to possess a hybrid 
character of the LMF and PMF. 

The aforementioned qualitative duality between the CPMF and 
LMF is only for short-run wage-employment variations; their re¬ 
sponses to changes in long-run parameters such as the probability 
distribution of s differ. In fact it can be demonstrated that under 
given long-run conditions, the CPMF tends to have a larger Af, lower 
v, and higher short-run layoff probabilities than the corresponding 
LMF. This means that a possible conflict arises between labor and 
management regarding the long-run aspect of wage-employment 
policies. Such a conflict can realistically lead to “internal bargaining” 
especially if the worker's long-term contractual attachment to ihe firm 
creates a firm-specific “organizational capital” to which rents accrue. 
In other words, (he conflict is over the division of Marshallian quasi 
rents, and the relative bargaining power between labor and manage¬ 
ment will decide the specification of Af and v in the negotiated con¬ 
tract. 27 

Via the bargaining process workers indirectly participate in the 
firm’s management. But the process and the objective of negotiation 
much depend on the enforceability of the agreement. Enforceability 
problems arise whenever there exists ex post informational asym¬ 
metry between the bargaining parties. For example, management is 
in the position to measure more accurately workers’ marginal revenue 
product to the firm whereas workers know better about the opportu¬ 
nity cost of their labor. Since monitoring the other party’s conduct is 
usually costly and imperfect, it becomes difficult to write a contract 
that ensures bargaining efficiency ex ante at the same time as it pre¬ 
vents moral hazard ex post. 

The more severe the enforceability problem is, the further re- 

Jh Note that t(i) is absent from the original Azariadis-Baily-Holmstrom formulations; 
their UPMF is similar to the dual program of my (L-2.) 

1,7 See Aoki (1980), Svejnar (1982), and Miyazaki (1984) lor models of an inter¬ 
nal bargaining firm. 
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moved the negotiated contract will be from the efficient frontier. A 
faltering long-term performance of the firm can exacerbate these 
enforceability issues. When labor’s concession is genuinely called for, 
management may lack the credibility necessary for honest bargaining 
If that is the case, one way to facilitate a more cooperative bargaining 
process is to admit more direct labor participation in the firm’s man¬ 
agement. Such an organizational remedy will be particularly effective 
if the cause of organizational inef ficiency is due to informational irn- 
pactedness between the two parties. 28 In an extreme circumstance, 
the conversion of the firm into employee ownership may be a less 
costly procedure than risking bankruptcy from a protracted bargain¬ 
ing impasse. 

The upshot of the paradigm is then twofold. If the capitalist labor 
market operates as spot transactions, then the LMF may effectively 
reorganize the insolvent PMF. If the entrepreneurial hrm recognizes 
the advantage of employment contracts, internal bargaining between 
labor and management becomes an important factor in determining 
the participatory content of the firm. Furthermore, if contractual 
enforceability becomes a serious issue, a more direct participation by 
labor in the firm may allay the second-best aspects of the contractual 
relationship. Some form of labor participation seems inevitable when 
the firm’s performance is affected by the bilateral mode of internal 
bargaining. 

VIII. Conclusion 

I have proposed a simple but fot n 
cycle aspect of LMFs in the develop, 
also has implications for the labot . 
and other similar subeconomies sin ' 
dragon. My analysis suggests that a 
efficiency may induce a disintegration 

economies as social institutions. Short-run productive elite tetuv in¬ 
quires the smooth reshuffling of mobile labot b\ means of shadow 
wage payments. Over the long run, successful LMFs would then ex¬ 
hibit propensities to become more entrepreneurial with smaller mem¬ 
bership size, and only the less successful LMFs tend to remain as large 
LMFs. 

I he model can be extended to allow heterogeneous workers and 


a8 Casual empiricism in current news reports certainly seems to 1 onhrm the existence 
ot such an cnforccabilily/ct edibility gap in bargaining between labor and management 
Besides the well-publicized cases of Chiyslet and Intel national llaneslet negotiations, 
the airline and steel industries have fated similar problems In all lliese teporied c aset. 
the bargaining process is exacerbated because workei s are watt ol management's com¬ 
mitment to reinvest labor's concessions directly into iheir own buns and mdustiies 
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capital-labor substitutions in the firm's production function without 
affecting the essential aspects of interpretation. It is important, how¬ 
ever, to recognize that throughout the paper we have distussed the 
firm’s performance as being completely determined by exogenous 
market conditions and a neoclassical production function. I have not 
considered the possibility that a change in the organizational mode 
from the PMF to the LMF itself would affect the firm’s productivity. 
Labor relations literature indicates that workers’ motivation depends 
partly on the workplace environment and the firm’s internal struc¬ 
tures. Many business experts consider the workers’ corporate con¬ 
sciousness and organizational awareness significant factors for the 
successful implementations of QC-cirdes and productivity gains. 1 
have not grappled with these internal factors. Instead I have focused 
on the organizational consequences of interactions between the tech¬ 
nologically efficient firm and the outside market environment. 


Appendix 


To confirm proposition 2, I define a “slack variable" k(\) sue h that k( t) = fi¬ 
nd s). Then (j(s)can he expressed as cr(s) = H[iii(s) + s), s) - tr(,c)[m(c) + 

«(>)] - k(s)m(s). Since max (/<(wi(c) + n(.s), c) - tr(c)[w(c) + n(s)]} = max 
lift), and because the bankruptcy constraint binds in the solution, we have 

A't«(c)k(c) = E{K(rn(s) + »('),.>) - tr(s)|w(c) + «{s))} - D. (Al) 


Because i< is strictly concave, EU(\) can be transformed as follows: 

Lte(c))] 


/•TT') = Tj 

< Em 

= Eu 

< ul/-. 


Bill 

M 


m(i) 


i/(rr('> + k(s)) + 
{«’(') + *(«)] + 
«■(')) 


1 - Mil 
M 


M 


M 


M 


+ /*;«•(') I- 


- 

,\1 


"■(»>) 


By combining (Al) and (A2) we obtain 

EU(s) < i^TV(c) + |-^£[nrax JT(c) - D}). 


(A2) 


(A.’i) 


Since Ew(s) and max 11(c) arc market determined, the right-hand side of (Ad) 
is maximized by M = 1 if E max 11(c) > D , and Af - m(c) - 1 is feasible in 
(L-2). Hence, a meaningful LMF exists only tl max Fll(s) I). 

ft is also clear that the right-hand side of (Ad) increases as M —> * if L'II(c) < 
I) In that case, however, the right-hand side of (Ad) is just one tipper bound 
for the EU(s)\ it needs to be chec ked whether M = ® constitutes a meaningful 
solution. It can be verified that m ( c) is finite for all s when £ct(c) 3 l ). This 
follows from the combination of 5 > 0, /?'(*, \) - 0, and w( c) 5* w > 0 for all c. 
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Now, 0 ~ m(s) < oo and M = °° mean EU(s) - Eu(w( s)). I hat is, no meaning¬ 
ful LMF can exist with M = * in (L-2). Lastly, M is given by E[rn(.s)R'(m(s) + 
n{s), s)J = Em(s)v, where R'(M + n(s), s) = ir(c) for t sue h that n{s) >0. From 
this and equation (Al) it tan he verified that M = I is consistent with FI 1(c) 
= D. 
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Regulation and Industrial Organization 


Andrew F. Daughety 

UmvfnUy of Iowa 


This paper examines ihe effects on firm behavior and industry struc¬ 
ture of mdustty-wide price regulation by the state. Such regulation, 
wherein regulators set prices with regard to an industry-wide aggre¬ 
gate performance measure, has been (and still is) widely used and is 
shown to induce inefficiencies in firm operation. In general such 
regulation can result in setting prices high enough to maintain 
inefficient firms, and it encoutages inefficient firm operation due to 
incentives to inflate costs and Averch-Johnson effects. 


Introduction 

This paper examines the effects on firm behavior and industry struc¬ 
ture of industry-wide price regulation by the state. Such regulation, 
wherein prices are set with regard to an industry-wide aggregate per¬ 
formance measure, has been (and still is) widely used and will be 
shown to induce inefficiencies in firm and industry operation. Thus, 
this paper will address two issues associated with such regulation. 
First, what are the effects on individual firms of industry-wide regula¬ 
tion? Second, does industry-wide regulation induce or favor certain 
industry structures, and what are the interfirin ef fects of such regula¬ 
tion? 

The salient feature of industry-wide regulation is that industries 
typically are composed oi a number of funis of different sizes yet are 
subject as a group to regulatory control. A common denominator ol 
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the vast majority of previous analyses of price regulation is that the 
regulatory restrictions in question can be examined at the level of an 
individual firm without reference to other firms in the industry. I his 
reflects a view that either the analysis can be generalized to a 
multifirm industry via replication (i.e., all Arms act the same) or the 
industry is comprised of one firm (the monopoly case). Examples of 
the former situation are the standard analyses of price supports in 
agriculture and minimum wage legislation in perfectly competitive 
labor markets (see, e.g., Hirshleifer 1976). The latter view has been 
examined thoroughly in the extensive Averch-Johnson (A-J) litera¬ 
ture (see, e.g., Baumol and Klevorick 1970), wherein a firm is price 
regulated via a rate-of-return restriction. In both situations the analy¬ 
sis incorporates the notion that the firm's profit-maximizing strategies 
are only restricted by the regulation and that the regulation falls 
inescapably on the firm in question. 

In general, however, a number of regulated industries are not 
properly modeled in the fashion described. These industries are com¬ 
posed of a number of Arms of different sizes yet are subject as a group 
to regulatory control. Industry-wide regulation typically has evolved 
in the past when the decision to regulate a large industry recognized 
the cost of case-by-case review and opted instead to have the tndustrv 
as a whole meet the tegulatoiy restriction in question. For example, 
this was one of the main motivations of the decision by the Federal 
Power Commission (now the Federal Energy Regulators Commis¬ 
sion) to establish regional wellhead pi ices fot natutal gas ptoduciion 
(see MacAvoy 1979). Similarly, Wot Id W 
often set with reference to average < ■ 

(see Harris 1945). Two modem < 
purchases and medicare reimburse! 
dairy industry production costs are u 
chase price for cheese products. Ii 
hospitals for medicare will be based 
costs (with some adjustment for regional 

rural location, and teaching/nonteaclung status oi tin u.o^i.ai, 

Another perceived advantage of regulation based on an liidustiv 
norm is the pooling of information presumably provided bv such an 
exercise. For example, insurance rates at e of ten set bv state regulators 
with regard to average loss, expense, and profit experience bv the 
insurance industry (see Joskow 1973; Ippolito 1979) I he Interstate 
Commerce Commission has regulated motor carrier rates using the 
ratio of aggregate industry costs to aggregate industry revenue (called 
the operating ratio) for many years. Apparently the motivation lot 
using this approach was a combination of desire to avoid the adminis¬ 
trative cost of dealing individually with a large number of trucking 
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firms, and (he difficulty of setting a "reasonable rate in a potentially 
volatile industry through other means (see Lockiin 1972; Dobesh 
1973). Other examples of industry-wide regulation include the Civil 
Aeronautics Board, which has used industry-averaged rate of return 
for airlines to judge the reasonableness of fare adjustments (see 
Douglas and Miller 197-4) and the control of entry into the taxicab 
market in Chicago (see Kitch, Isaacson, and Kasper 1971). 

The paper proceeds as follows. First I formalize the nature of the 
regulatory constraint and the regulatory scenario (the sequence of 
actions taken by the regulator and industry). Two constraints will be 
considered in detail; average cost and operating ratio. Next, I con¬ 
sider their application to a one-firm industry (wherein the two con¬ 
straints coincide). Two results from the literature are reviewed. First, 
to the degree that such constraints are asymmetric in the treatment of 
factors of production, A-J biases will occur (see Cheiry 197H; Moore 
1978). Second, such constraints provide an incentive for the firm to 
engage in inefficient production. Thus "goldplating" a la Alchian and 
Kessel (1962) is not only utility maximi/ing, it is profit maximizing. 

Next 1 consider the multifirm case, where I specifically allow for 
nonsymmetric linns. Fit ms will be viewed as choosing output levels so 
as to maximize profits, subject to the regulatoiy constraint. In order 
to accomplish this, the industiy will be examined by means of a Stack- 
elberg model with the leader facing the regulatory constraint, whit h, 
in conjunction with the reaction functions ol the followers, deter¬ 
mines industry output. In general (and depending on the specifics of 
the industry-wide regulatory mechanism), inlet lit in distentions and 
potentially very significant inefficiencies in the strut lute and petlor- 
mance of the industry will be shown to result from such regulation. 


Industry-wide Regulatory Constraints 

l he previous industry examples suggest that two types of constraints 
have been used to regulate prices on an industry-wide basis using an 
average measure, lhe first, the average cost (AC) constraint, is 
formed by taking the average of the individual average costs of pro¬ 
duction. I'his number is then used to restrict the allowed price (via a 
proportionality constant). l he second, the operating ratio (OR) con¬ 
straint, is formed by taking the ratio of operating costs to operating 
revenues and requiring this average to meet or exceed some 
prespecified fraction. 

More formally, let x E R"+ be the output vector for the n firms that 
comprise the regulated group; 1 firm i produces output x,. Each firm 

' /<*. = (x <E 3 11,1= I, . , *), 
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has a cost function r,(x,) that is assumed to he monotonicaliy nonde¬ 
creasing and differentiable (other assumptions will be made as neces¬ 
sary). Finally, the industry faces an inverse demand function p(X) that 
specifies the maximum price consumers will pay tor the industry's 
homogeneous product 2 as a function of aggregate output X = | x,. 

Let a be a positive fraction (a E [0, I]) set by a regulator. The con¬ 
straints can be written as* 


AC: -1 V 

*> —' 


<•,(*,) 

x, 


ap(X), 


X 


OR: 


X PW X > 


For convenience, we reexpress the constraints as follows: /- (x, a) = 
A(x) - a p(X) 5 0, where 


h(x) 



V 


if AC 
if OR. 


Note that when n - I, OR and AC regulation are the same, while 
they differ substantially (for nonsyinnieiii< *’• 1 1 ’• 

particular, the OR constraint is a mark' 
constraint; /t(x) = X{|r,(.v,)/x,] • (x,/.\i! 

A simple two-firm example helps iliu- 
straints. For convenience, consider du 
facing constant average costs of proch. 
is, c,(x,) = c,x,, i = 1,2, and p(X) = a 
manipulation, the constraint can be uniui. 


J Noil price competition has Iktii obsetved m some gtoup-iegulaioi v sellings iht 
Douglas and Miller 1974) While the model I employ does not allow lor piodmi 
differentiation dll ectly, the use ot a pi ice c t iling allows In ms to adjust pi u t s dow nwai d 
in an attempt to eompele with each other 1 hits, allowing lor downward flexibility of 
puces acts as a suirogate toi noupiue competition, I choose to use a homogeneous 
model to make clear welfate comparisons, the* inclusion of pioduct chtteienlialion 
simply makes welfate compai iscm.s mathematically difficult without adding new insights 
' If one defines a notion of an updating cost (such as \hoii-mn vanahle cost evalu¬ 
ated at the optimal hxed factor levels for output level v). one could exptess the OR 
constraint using this cost 1 at her than c,( ) 1 his needlessly complicates the exposition 
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Therefore, the constraint provides a simple lower bound on aggre¬ 
gate output and appears as in figure la. Since aggregate output is 
being restricted to be at least the value on the left-hand side of (1), the 
constraint acts to limit price to be no greater than (ci + c?)/ 2a. 

If both firms have cost functions with fixed costs and constant mar¬ 
ginal costs, that is, 


f c,x , + /, x,> 0, i=l,2, 

c,(x,) = | 

[0 x, = 0, 

then condition (1) becomes the following (at > 0, x< 2 > 0): 

(<i + oj> - 2aa)X|X'> + f\ x a + fax 1 + 2afc(X| + X2)*t*2 =* 0, (2) 

which is clearly not linear. An example of (2) is illustrated in figure 1 b. 
Note that in this case the constraint actually acts more to restrict 
potential allocations of aggregate output to individual firms rather 
than actually restrict the price. While any price (or, alternatively, 
aggregate output level .Y) is regulatory feasible (i.e., /•' 2* 0), at some- 
prices certain vectors of firm outputs are not regulatory feasible 
(those in the region F < 0). Thus, in this case, the constraint acts to 
restrict the distribution of output over firms in the industry. 

In general 1 will assume that demand is downward sloping and 
concave, though weaker assumptions are possible. Thus, if <-,(•) is con¬ 
vex for each t, or if r,(x,)/x, is convex in the AC case, then F(x, a) is a 
convex function. As Takayama (I960) noted in the Averth-Johnson 
analysis, the resulting constraint generally describes a nonconvex fea¬ 
sible region as, for example, in figure 1 b. 

I will be interested only in x such that F(x, a) = 0. Moreover, by 
requiring F(x, a) to be a convex function I can satisfy the Arrow- 
Hurwicz-Uzawa (1901) constraint qualification and employ Kuhn- 
Tucker-Lagrange theory for this problem (see Takayama [1969], 
where this issue is first discussed for the A-J problem). Finally, I 
assume that the regulatory parameter is set by the regulator so that 
the constraint is binding on the industry. This will be important for 
the case n ? 2, since this does not imply that each firm necessarily 
meets the constraint. 

Regulatory Scenario 

The regulatory scenario used in the paper is the following: 

1. The regulator announces a procedure for regulation (i.e., a 
group regulatory constraint F) and any necessary parameter value 
(a). 

2. The firms come to art agreement as to how to share the market 
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Fig. 1.—The aveiagc cost iimsiiainl (a) Constant a\ciagc costs. lint-ai demand po 
Constant marginal tost and a fixed cost. linear demand 


(x E N'l) and what price to propose, p(X). subject lo the regulators 
constraint. The firms now provide the regulator with the price pro¬ 
posal and documentation to support the claim that the constraint is met. 

3. The regulator accepts the industry's proposed price (since it 
satisfies the regulation). 

4. The regulated price acts as a price ceiling; all firms use the 
ceiling price to guide their output decisions. 
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Step 2 in the sequence above is quite realistic. In general firms 
under regulation are often provided antitrust immunity, especially if 
the regulation calls for joint price proposals. Usually some sort of 
official institution (often called “rate bureaus”) has evolved wherein 
the decisions required in step 2 (i.e., the price proposal) can be devel¬ 
oped. 

In the analysis I do not consider the game between the regulator 
and the industry (i.e., the proper determination of F and a). In the 
multifirin analysis, I will not allow firms to misrepresent or inflate 
their costs, though I will examine briefly what happens in the single- 
firm case when they can. Finally, no dynamic aspects are considered. 
All of these issues are potential avenues ol future research but be¬ 
yond the scope of the present paper. 


The Single-Firm Industry 

Consider a single-product monopoly firm that faces a known, down¬ 
ward-sloping inverse demand function />(•) and is subject to a cost 
function <•(•)■ Since there is only one firm in the industry, the regula¬ 
tory constraint is [c(X)/X] - (xp(X) 5= 0, where X is firm output and a 
6 [0, 1] is a parameter set by the regulator. Thus, the problem faced 
by the firm is to maximize profits subject to meeting the constraint 
imposed by the regulator: 

max p(X)X - r(X) (.')) 

subject to [<(X)/XJ - ap(X) ^ 0. 

Figure 2 illustrates the result of the regulatory constraint. Without 
regulation, optimal output is X r at price p v . The line aD provides the 
line of reference for regulated prices (i.e., a times the demand price). 
At X we see that ap l exceeds AC. By expanding output to where AC 
= olD the firm now chooses X l( at price p H . Thus the regulated price 
p H is lower than the unregulated price // , presumably the intention of 
regulation. 

Cherry (1278) and Moore (1278) have observed that such regula¬ 
tion ran also generate A-J-like distortions under certain conditions. 
Both analyze the one-firm operating ratio case wherein costs are es¬ 
sentially determined by the level of labor employed (in both cases, the 
analysis is in the context of the trucking industry). 4 This is essentially 
the Avert h-Johnson model with labor the focus of the regulatory 
constraint rather than capital (see Baumol and Klevorick j 1270] lor a 
detailed discussion of the symmetric case concerning capital bias). 

1 Other studies of .single-firm operating ratio regulation tnilude Nesel and Miklms 
(1908), Westfield (1974), ami Braetiligain (1981) 
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Ki<.. 2.—Smgle-hini i. 

Thus, in tliis case, for any specified leu 1 
a more labor-intensive input mix than v. 
level of output) in the unregulated environin' 

both find an “input bias” in the trucking industry thatihe\ .liuioun u> 
the use of the operating ratio: regulation acts to tmpltc ith tedute the 
real cost of labor, thereby inducing the firm to pioduce inefficienth 
(i.e., off its unregulated expansion path). 

Note that in the discussion above, the firm is assumed to tiuthfulb 
report its cost function to the regulator. In general this assumption 
may be false since regulators know only what linns report, as has been 
observed by Loeb and Magat (1979) and more recenth b\ Baron and 
Myerson (1982). This can lead to the firm's choosing to inflate its cost 

’ As is well known, there is a large, tonHit ting einpit k al lin t aline on the pi imikc ol 
A-J effects in public utilities (see, e g., ( ourvtlle 1971; Spann 1974. Mckav 19761 
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report to the regulator. Presumably, auditing by a regulator might 
detect outright lying across time, and thus the firm might actually 
engage in inefficient activities to drive costs up. Alchian and Kessel 
(1962) analysed this possibility in the context of managers of regu¬ 
lated firms who engage in discriminatory hiring practices so as to 
capture any nonpecuniary benefits of associating with preferred 
(class, race, sex) employees. 

That such actions not only are utility maximizing for some employ¬ 
ers but can be profit maximizing for the regulated firm can be seen by 
the following example. Let p(X) = a — bX and c(X) = (c + <a)X, 
where c is the real marginal cost of production and o> is waste. Return¬ 
ing to (3), it is clear that maximizing profits subject to the regulatory 
constraint is accomplished by adjusting output to maximize reve¬ 
nue—or, more precisely, (1 - a) times revenue subject to the restric¬ 
tion that r(X) s* ap(X)X. If the firm can now also adjust costs, then 
profit maximization occurs at revenue maximization. This is accom¬ 
plished by allowing cost to inflate until the average cost curve in¬ 
tersects a/) at that output where MR - 0 (illustrated in fig. 3). Op¬ 
timal waste is positive if true AC intersects aD at an output greater 
than X* (where MR = 0). T hus the earlier results of lowered price 
and expanded output relative to the unregulated outcome are still 
Hue, though more moderate in degree. 

Therefore, the ability to adjust costs (through either faulty report¬ 
ing or wasteful, though potentially utility-enhancing, activities) leads 
to a breakdown in the efficacy and value of the proposed regulation. 
Note that the recognition that waste can be profitable under regula¬ 
tion, when juxtaposed to the Cherry/Moore observation of A-J ef¬ 
fects, suggests tfiat such biases (to the degree they create optimal 
waste levels) will not be unwelcome to managers of average cost/ 
operating ratio regulated firms. 


The Multifirm Problem 

The problem with the foregoing analysis is that average cost or oper¬ 
ating ratio regulation is normally applied to an industry or a subin¬ 
dustry derived by applying the regulation on a regional basis. The 
welfare results regarding the effect of regulation on price provided 
by the single-firm case (e g., price lower than the monopoly price) do 
not extend to the multifirm case. This is because firms recognize the 
interdependence of decisions in the group; that is, firms not only 
consider market demand and their own technology but also consider 
actions taken by other firms. Moreover, the result of efficiency distor¬ 
tion (& la Averch and Johnson) is significantly modified. The nature 
of firm interdependency has implications for the existence and extent 
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of interfirm distortions that by definition aie not oIim 1 1 .. . 

single-firm analysis. 

Thus, the multifirm problem must be approached as a problem of 
regulating an oligopoly. Of course, since there is no single wav to treat 
oligopolies, the analysis of industry-wide regulation will depend on 
the assumptions made about the choice of “strategic" decision \aii- 
ables for the firm and the nature of firm inteiaction (the oligopoly 
solution). These points are examined in turn. 

One of the interesting aspects of the industry-wide regulation prob¬ 
lem is that the natural choice for decision variable for the firm is its 
output and not its price. Friedman (1977) makes just the opposite case 
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for the (unregulated) oligopoly case in his discussion of Bertrand’s 
objection to Cournot (p. 39): “There is an important objection to 
quantities as the decision variables of oligopolists, with a market price 
being determined by the total quantity produced. By what mechanism 
is the market price established? It is no problem imagining firms 
choosing prices and either producing output to order or producing 
for inventory. But what institutional arrangements accomplish price 
determination if the firms do not choose prices?” Under industry¬ 
wide regulation, however, such an institutional arrangement does ex¬ 
ist: typically it is the industry that proposes a price (or price change) 
and the regulator passes on it. To make such a proposal the industry 
must pick a price that (1) satisfies the regulator’s criteria and (2) 
guarantees a satisfactory “pie” for the members to divide. Since only 
one regulated price will be allowed, the crucial issue is the determina¬ 
tion of the vector of outputs, and thus the shares of the pie. Thus, in 
the regulatory setting, output level is an appropriate decision vari¬ 
able, with aggregate output (in conjunction with the demand func¬ 
tion) determining the price. 

The allocation of market shares to member firms is a function of 
the organization of the industry, as represented by various oligopoly 
solutions (e.g., Cournot, Stackelberg, etc.). In what follows I employ a 
Stackelberg analysis involving a leader and followers. The leader will 
use the reaction functions of the followers, in conjunction with the 
regulatory constraint, to choose its output level and thus the distribu¬ 
tion of output for the industry. 


A Stackelberg Model of the Level and Distribution 
of Industry Output under the Regulatory 
Constraint 

The use of industry-wide regulation affects firm and industry perfor¬ 
mance in three ways: via induced increases or decreases in the aggre¬ 
gate industry output level, via changes in the distribution of output by 
firms (i.e., market shares), and via affecting input level and mix 
choices. We consider output effects first and then consider input ef¬ 
fects. 


Output Level and Distribution 

Consider an industry wherein a leader (in the Stackelberg sense) ex¬ 
ists. It is important to emphasize that 1 view the leader as having 
power during step 2 of the regulatory scenario, that is, during the 
agreement step when firms must come up with a price proposal for 
the regulator. Once the ceiling price is set, the leader has no meaning- 
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ful power: step 4 is not a sequential turn-taking process, wherein the 
leader can “go first.” Both aspects of this assumption are reasonable. 
As indicated earlier, step 2 reflects the standard practice of allowing 
regulated firms to get together to propose price adjustmentsjointly to 
the regulator. On the other hand, since the application of this form of 
regulation is usually associated with the existence of a moderate-to- 
large number of firms, any leader at step 2 is unlikely to have much 
power at step 4, especially since a ceiling price has been set. 

We represent this by examining the agreement formation (step 2 in 
the scenario) as a two-firm industry, with the leader as firm 1. The 
follower(s) (represented by firm 2) act in a Cournot manner, taking 
what the leader does as given. This would translate, in the usual (i.e., 
unregulated) analysis, into the leader taking the follower’s reaction 
function, 4>(xi), as given in his profit maximisation. This would then 
guarantee that an optimal solution to the leader’s problem would 
provide an industry equilibrium. 

Under regulation, however, the leader must incorporate the fact 
that in step 4 the follower lakes both the leader's output and the 
ceiling [trice (once established) as given. Thus, in step 4 of the regula¬ 
tory scenario, firm 2 solves the following problem: max, 1T’(.'i. *>) 
subject to p(x i, xj) p , where jq is the leader’s output, p is the estab¬ 
lished ceiling price, and Fl 2 (.vi, x 2 ) — p(x t + x^x^ - c>(x-j) is the 
follower’s profit, which I assume is concave in v>. I.et ^(v,,/)) be the 
reaction function for firm 2 (see App for details). 1 his function 
specifies firm 2's optimal level of output given 'be leader's output 
choice (in step 2) and the price ceiling 
Knowing 'l , (.t|, p), the leader can pm. 
bution (i.e., a vector x) and pi ice //(Xv, 1 
scenario that will be an equilibrium in 
lem at step 2 is to pick a regulatory leas 
a price ceiling p so that its profits are 1 : 
the following problem, denoted the lea. 

max 11 1 1 v 1 . 'l'(v 1 . p)\ 
x 'T 

subject to p[*i + Tfxi, p) j S p and F[\ 1 , Tfvj, p). a] 5* 0. where the 
first constraint assures that aggregate output will satislv the price 
ceiling to be proposed and the second constraint requires that aggre¬ 
gate output and the price ceiling satislv the regulators const taint F 
As shown in the Appendix, the solution to the leader's ptoblem 
provides the following welfare tesiilt concerning the telaiionship of 
aggregate regulated output (X R ) to aggtegate unregulated output 

(X'j: 

X R $ X 1 if and only if (F' 1 + - ,« §■ 0, (1) 


0 
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where F, = 8F/dx,. Condition (4) states that the question of whether or 
not regulation acts to produce equilibria that are welfare impairing 
(i.e., aggregate output reducing) is a function of the relationship be¬ 
tween the marginal rates of output substitution along/ 1 ' and <J>: 


X R $ X" 


ilx<> 


dxi 


/1 

= <P §- p~ 

4> C 2 


dLx i 


(5) 


assuming /■'•> > 0. 

As a point of reference, figure 4 a illustrates the unregulated Stack- 
elberg solution x l where a profit contour for firm I is just tangent to 
firm 2’s reaction function <j>. Figures 4 b and 4c illustrate condition (4). 
In figure 4 b, the leader maximizes profits by locating the industry at 
x*. which results in a price p = p(x R + x R ). This price ceiling, in turn, 
induces an output level set that consists of the pairs of outputs on or 
above the line denoted X(p). Note that, in the case illustrated, x R is an 
equilibrium solution since firm 1 cannot increase its profits without 
raising the price, which is not possible. Figure 4 b illustrates an ex¬ 
ample wherein welfare has increased in the sense that X f< > X 1 ' and p 
= p(X“) < p(X' ). 

As an example, consider the case wherein both firms have constant 
average costs: c,(x,) = r,x,, t = 1,2. If the industry faces AC regulation 
then it is straightforward to show that X R > X 1 ' under average cost 
regulation with constant average costs (note that in this case the regu¬ 
latory constraint is as shown in fig. la). Hence, regulation “works” in 
the sense that output is increased and price reduced relative to the 
unconstrained solution. 

Figure 4c illustrates just the opposite. Here X R < X 1 and p > p(X'). 
Note that any attempt (after the price ceiling is set) by firm 1 to 
increase its profits involves movement along <j> above x w ; this corre¬ 
sponds to selling price below the ceiling and lowering firm 2 profits. 
Firm 1 will not do this since (1) such an action would violate the 
regulatory constraint and (2) it would concomitantly require the other 
firms to cut their outputs, which they have no incentive to do. All 
firms simply see the price ceiling and react to it. The followers from 
step 2 take the leader’s proj>osed output (as well as all the other 
followers’ outputs) and end up at their agreed output levels. Knowing 
this, the leader also now acts in a Cournot manner by taking the price 
ceiling and other outputs as given and maximizing. 

This is a particularly interesting case since x R has unambiguously 
increased and xf has unambiguously decreased relative to the unregu¬ 
lated equilibrium x (; . To the degree that firm 2 has higher costs than 
firm 1, the regulatory restriction results in lower, and less efficiently 
produced, output. 

As an example, consider again the situation wherein both firms face 
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Fir,. 4.—Slatkeltx*rg solutions. (a) I'megiilun d 
lion outcome (i) (r) Regulated, intersection on I < 
come. 

constant average costs of product ion. l.et fn\) - << , 

Furthermore, we consider the OR constraint to he the iemulation in 
question. The unconstrained solution (it*.. ignoting the OR con¬ 
straint) is x\ = (a + (•> — 2< \ )/2b. B\ the assumption aho\e. \\ > 0 
Employing the first-order conditions (see [Al] and [.VJ] in the App.) 
for the leader in the regulated situation, we find that 

« > ------ v{* < vj (h) 

a + << 

Again, since a/2 > c |, we know that the ratio (2ci + rn)/(a +■ c_>) is a 
proper fraction. Thus if the left side of (fi) is met the regulation will 
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encourage (he industry to produce less than would have otherwise 
occurred. Condition (fi) is a sufficient condition, and weaker (and 
more complex) conditions exist.' 1 For smaller and smaller values of a, 
a smaller and smaller value of C| is required by the condition. This 
reflects the fact that firm 1 could choose to face the constraint alone 
(by pricing so as to eliminate firm 2), but does not if profits arc 
sufficiently high under market sharing. (A low value of a is associated 
with high profits in both the market-sharing and market-monop¬ 
olizing states.) 

Thus, if firm l's costs are low enough (even under constant mar¬ 
ginal costs for both firms), it has an incentive to share the market with 
a high cost firm. If r<> is above the monopoly price that firm 1 would 
charge in an unregulated environment, then since .v> 0, it must be 
that the regulated price is above the monopoly price. In other words, 
one can easily construct examples wherein not only is X R < X r , but X 1 
is the monopoly output and thus p(X n ) is highet than the monopoly 
price. Society would be better off' with an unregulated monopolist 
rather than the regulated industiy. Moreover, since oj exceeds o, 
then the reduction in output is also accompanied by a shill in the 
distribution of output, with the higher-cost firm increasing its share of 
industry output. 

Both of the examples above involve structurally competitive exam¬ 
ples wherein firms have constant average costs of production. While 
examples of suc h regulated industries are far Irom unknown (e g., 
trucking, airlines), presumably well-intentioned regulators know to 
avoid regulating such industries m the future and thus will turn their 
attention to industries that are not structurally competitive. 

Unfortunately, both AC and OR leguiation continue to have bad 
propet lies when applied to industries that are not structurally com¬ 
petitive. Specifically, let firm 2 be subject to constant returns to stale 
and firm 1 have economies of scale at the constrained solution such 
(fiat 


o_i.OV/fv n 

~rr _ w M ’ 


(7) 


Then X H < X 1 . This holds since under the condition above, — is 
positive and thus, from (4) above, X 11 < X 1 . Condition (7) reflects a 
situation wherein firm 1 has significant economies of stale at the 
regulated output vector x 11 . Note that this would presumably be a firm 


11 Nine that the existence ot such examples is always assured, independent oi the 
relationship between r\ and r>. I his holds since, lor any a E {(), 1) one can always find a 
number V' such that if c j < a/V then a > (2c j + c4* r 2 ) Note that while the actual 
value ot V' depends on c t and r«, its existence does not 
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that, in an unregulated environment, might be a prototypical natural 
monopoly. However, since X n < X 1 in the regulated equilibrium, this 
means that regulation has resulted in market sharing by the leader 
with the follower. 

Again, this sort of result holds in the operating ratio case, too. For 
example, let p(X) = 33 - (13/14)X, c t (.V|) = 8Vxj,r 2 (x 2 ) = 20x 2 . 1 he 
unregulated solution involves firm l’s acting as a monopolist and 
producing approximately 17.25 units. If the operating ratio is set at 
.52, the resulting Stackelberg solution is Xj = 4, x* = 5 tor a total 
output of 9 units. Thus, regulation severely restricted output to essen¬ 
tially half the monopoly output. 7 Moreover, it should again be noted 
that the market share of (he high cost firm has increased. 

This seemingly counterintuitive, clearly noncompetitive behavior is 
understandable if we observe that a firm with rapidly falling average 
costs could reasonably prefer to share a market with a higher-cost 
competitor, and thereby keep the regulated price high and reap some 
profits, rather than be forced out along its average cost function with 
a significantly lowered price. Thus, if the leader is an efficient firm, it 
has an incentive to distribute output (and propose a price ceiling) so 
as to keep an inefficient firm operating, thereby "padding the 
average.” 

Finally, figure 4c/ illusiiates the condition wherein the optimal solu¬ 
tion occurs where the isoprofit contour is tangent to the legulatorv 
constraint contour (see the App.. eq. (A I]). In ibis partn ular situation 
xff > <}>(.x{ f ); that is, follower output undei icgti' 
would be without regulation for the u 
reflecting the fact that the ceiling price , 
choices. Moreover, note that there is no ■ 
choices and improve, since once the ceilm 
higher price than f>. Finally, we obseive ' 
may involve increases or decreases in m 


Input Levels and Mix Effects 

The Stackelberg model also provides implications about distentions in 
the input markets for the industry. Since the leader must observe the 


' While sudi ,i result would seem i.ithei extreme. Rohm Koisvihe .nut I used die 
par,nucleis above in an cspcimiem involving tun students acting as die two duopolc-is 
I liev both knew the demand schedule and then own tost schedule, thee weie paid the 
profits the) made. Atlei a few tounds oi cheating on aglet-incuts. lollowed l»v a tlneat 
ot output dumping by til in 2 should til til I c beat again. lollowed b\ some aiiempis at 
collusion, they converged 10 (essentially) the predicted outcome (xi = Ik v._, .>) Il is 

woilli noting that, to our kitowcdge, Stac kelbeig eipnlibna have never hetoie heen 
generated m expel intents. It should also be noted dial pievious expel uneiits has e lieen 
with cun eglilated oligopolies 
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constraint, then to the degree the constraint emphasizes any particu¬ 
lar factor of production (as Moore and Cherry suggest about the 
operating ratio), an A-J-like bias will occur in the leader’s input 
choices. However, the followers will be free of an input-mix bias since 
they never directly need observe the regulatory constraint F. 

As illustrated above, all firms are generally affected with respect to 
output-level setting. Of course, to the degree that output is shifted to 
the leader, then to that degree the A-J-like distortion becomes more 
significant. On the other hand, to the degree that the market share of 
follower firms grows, then the input-bias distortion suffered by the 
leader becomes less significant. 

Finally, let us consider once again the wasteful monopolist exam¬ 
ined earlier. Nowhere in the multifirm analysis have we directly al¬ 
lowed for cost inflation. 1'he single, wasteful monopolist indicates why 
(his is not a serious liability for the analysis. Note that another way to 
interpret the wasteful monopolist is as a two-firm model (with truthful 
revelation of costs) with a nonwasteful monopolist as a Stackelberg 
leader and the follower providing the necessary cost increase. Thus 
the incentive to pad by setting price high enough to maintain 
inefficient firms subsumes the case of misrepresentation of efficient 
production costs. To put this another way, allowing tor cost inflation 
would simply further reinforce the results found under truthful reve¬ 
lation. 

This is not to imply that firms will not choose to misrepresent their 
costs. In the Stackelberg model, however, only the leader has an in¬ 
centive to misrepresent costs since only the leader faces the /■’- 
constraint. Followers have no incentive to be inefficient since they 
only lace the output of the leader and the ceiling price restriction. 
Thus, only the leader has an incentive to waste and only the leader 
may suffer from an A-J-like input bias. Of course, since these distor¬ 
tions affect the level of leader output, industry output is also affected. 


Summary and Conclusions 

Historically, the motivation for the use of industry-wide regulation (as 
opposed to case-by-case review) reflected an attempt to reduce two 
costs of regulation: the administrative burden associated with dealing 
with a large number of firms, and lack of information about the likely 
costs and profitability of individual firms. The first cost was eased by 
providing across-the-board price adjustments based on aggregate 
performance, the second by reference to aggregate experience. The 
rationale for the Reagan administration’s planned medicare payment 
scheme based on national average hospital costs is that such a proce¬ 
dure is a “deregulation” of the system. This rationale especially 
reflects the first cost concern. 



REGULATION 


949 

The substitution of industry-based controls for firm-level controls 
turns out to trade one set of regulation-induced costs for another. 
Presumably, the beneficiaries of regulation, and the regulator, find 
this substitution advantageous (see Peltzman 1976). Especially to the 
degree that a price-leader form of organization occurs, and with it 
padding the average, the benefits of regulation are conferred on 
inefficient firms (by being allowed to operate) and efficient firms (in 
the form of protected profits) by using industry-wide controls. This 
occurs simultaneously with the perception that, on average, the indus¬ 
try is operating at a “fair" relationship between price and cost. 

Of course, free entry can undo this result, whith may account for 
the existence of entry controls in such settings. A classic example is 
the motor carrier industry under ICC regulation during the forties, 
fifties, and sixties. As Sligler (1971) shows (see his fig. 1), in the face of 
steadily rising applications for entry into the industry, the number of 
actual licensed carriers fell. This occurred precisely during the periorl 
wherein the ICC employed a 93 percent operating ratio as its sole 
criterion for decisions on rate increases (see Dobesh 1973). It was also 
during this period that significant concentration developed in the 
industry (see LaMond 1980) in spite of no appreciable stale econo¬ 
mies (see Spady and Friedlaender 1978). 1 his is suggestive (though 
certainly not conclusive) evidence of the trucking iiulustiv as a real- 
world example of the discussion outlined above. 

It is also worth noting that entry control' 1 • ' 1 ■■ 

convenient way for firms in the industi- • 
entrants allowed in. 1 his holds since 
cumbents to objec t to potential entian 
necessity" basis. Since poweiliil hi in¬ 
efficient entrants (who are most hkelv 
and least likely to object to inefficient 
able to or not choose to compete with t 
is likely to screen out low-cost entrants a,, 
t rants. 

As indicated in the Introduction, a number of industries besides 
trucking have been subjected to industry-wide price regulation 
Moreover, variations on this theme have been used at the firm level, 
too. For example, under the ('.alter administration the Council on 
Wage and Price Stability regulated individual firms bv allowing them 
to average over corporate divisions. The lesults of my analvsis would 
suggest that, to the degree such regulation was restrictive, some firms 
may have purposely kept inefficient divisions alive rather than divest. 
Again, the administrative advantages of such regulatoiy proceduies 
make them a pervasive tool of control. 

Thus, the use of industry-wide regulation based on aggregate per¬ 
formance measures generates a number of distortions in industrv 
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structure, conduct, and performance. In general such regulation en¬ 
courages the setting of prices high enough to maintain inefficient 
firms, and inefficient firm operation due to incentives to inflate costs 
and to A-J eff ects. 1 he distribution of output in the affected industry 
is thus quite different from that which would occur without regula¬ 
tion, with a greater share of industry output being provided by 
inefficient firms than would otherwise occur. 


Appendix 

f ile Stackelbetg follower solves die following problem' 

max *•■_,) 

subject to //(V| + p given p and v, II die profit I unci ion is tone ave in 

and die consuaiiil is nonbinding, then die I inns optimal choice of output 
level can be wiillen as ~ 4>(.vi), where <f> is a moiKitonieally noninrreasing 
dilution of futn 1 output. Moreovci, roiuanty guarantees that the slope of 
(lie real lion function <f> is a negative fiadioii, that is. <(>' 6 (~ I. 0). 

If the tonsil.nut is binding, foi given v, and p. then optimalis simply dial 
output such that p(x\ + a_») = p I fttts die resulting regulated firm reaction 
huulion 'f'(.V|, p) ts 

f<|l(A|) /»< Vl + X 2 ) <j> 

'f'fv,. /d = | . 

(X(p) - olheiwise. 


ulieie ,V(//) is tfie demand luiu (ton Ail example ol ’I' is iliusuated in ligtirc 
Al, vs lift c* lot convenience vi is plated on the vertical axis A kink occurs 
where cf> mteisects X(p) lot lovvet p (large .V[/i|) the kmk otcuis lugliet np cf>. 
t loser to the V| axis Since X(/d is the line ,V| + .v_> -/; \p), it lias a slope of 
- 1 I litis, letting stthst ripts on 'P denote pat dal del n ames (ot stthgtadienls 
as neressai v)' 

f ~ <t>' /•»< X , T v_.) < p, x. = <t>( x , ) 




e ( 


p(X\ + X._>) - p, -X.J 


<b(xi) 


L~ -I olheiwise 


Tbus, while al die kink there is no ileiivaiive, the change in optimal Vj lor a 
ihange in X| (given p) is between - ! and the slope of die unregulated reac¬ 
tion i ui ve. 

Changes in p are directly computed bom the definition ol 'J / : 

f 0 /'( .v, + *,) < p 


v.j(x,.p) 


I— otherwise. 

If' 


since in die Inst case <f> is not a Iunc(ion of /i while in the second taxe X(p) and 
p(X) are inveises 

Ihe Slackelberg leaclei solves the following problem: 

max ll’fxi, 'f'f.v,. p] 


(I.P) 
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sub)ecl to p[x i + 'Lfxi, />)) s p and /-‘(.v | , 'L(\|, p). u) ? 0. 

Let p. and X be nonnegative Kulm-Tu<ker multipliers on die lust and 
second constraint and let 11, 1 — ol 1 1 (x ( . x 2 )/c)x, and F, - <lF(x t , x 2 . a)!dx,. The 
fitst-otder conditions for an interior solution ate as follows’ 

x,: 111 + Ill'Ll + X(f, + F-j'Vi) - iV>’(l + 'Li) - 0 (Al) 
p: Ill'Ll + X/-_.'Lj + |x(l - //'L.,) - () (A2) 

Examining (Al) and (A2), we see that there are two possibilities ot interesi 
1 1 p{x i + X’j) < p then p = 0, 'L->(X|, p) - 0. and 'L|(\|. p) ~ ib' I bus (Al) and 
(A2) reduce to die following. 

Il{ + ll!<t>’ - -X(/-| T / ■'. ' \ ' 

Alteinatively, if p > 0 (and thus we 1 
then 'Pj(x).p) = 1/p' and 'Lpsi.p) - 
condition: 


ii! 

ITT 

Lo iindeisiand the conditions altose. 
lory constiaint F admitted the lineonsiiaim d 

tion (All) reduces to the standatd Staclselbeig tom..... 

curve for film 1 is tangent to the uncoiistiallied linn 2 le.itiion Iiiihiioii f> 
L.et us assume now that a is sue h that Fix' , ex) •- 0 ami that X 0 ('.omlition 
(All) tan be developed to ptovide a wellaie i in pin anon. In see this, note (hat 
aggregate output .V is simply X| + xj - \| + <t>(x|) and ibeieftne (sime et>' is a 
negative Irae lion): 

-7^- - i + e|)'(x) '■ d 
t« | 

In other words, increasing the leader's output level, is ssneinsuious wuh 
increasing industry output, while dee teasing x, \ leltls a i eel tie Hein in X 1 here- 
tore we have a ready ineiicaloi eil the wellare implications eil legulation 
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increases in leader output vis-A-vis the unregulated equilibrium imply in¬ 
creases in welfare 

The term on the left of (A3) is the total derivative of II 1 with respect to xj 
along <(>, (r/11 1 /r/xi), which is set to zero in the unconstrained case. If the right- 
hand side of (A3) is positive, then marginal leader profit is positive and thus 
the constraint is restricting the leader from producing as much output as 
would be produced in the unconstrained equifibiium, x fl . On the other 
hand, il the right side of (A3) is negative, then marginal leader profit is 

negative and the elfeti of the regulation is to force the leader to produce 

more than x{. Since aggregate output is monotonic in the leader output, we 
have the following result when the /■’ constiaint is restrictive (i.e., X > 0): 

•V" 3; X' if and only if (/•’, + F^' x m S 0. (A5) 

Finally, (A-l) reflects the situation wherein the solution to (I.P) involves a 

langency between an isoprofu contour and the regulatory constraint F. 
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On Measuring Natural Resource Scarcity 


Robert Halvorsen 
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Tim R. Smith 

Federal Reserve Rank of Kansas (.ity 


Conclusions concerning (rends in natural resource scarcity may de¬ 
pend critically on the choice of scatcity index, llnloi tunutely, the 
prevalence of vertical integration in natural resource industries has 
hindered the use of some otherwise desitable scarcity measures. In 
this paper duality theory is used to derive an econometric procedure 
for estimating one such measuie, ihe shadow price ol the resource in 
situ. F.mpirieal results for the Canadian metal mining industiy indi¬ 
cate that resource scarcity as measured by ibis shadow price has 
decieased substantially over tune. 


I. Introduction 

Natural resource scarcity and its implications for economic growth 
have become important areas of economic research in recent years. 
One issue that has received considerable attention is how best to mea¬ 
sure changes in the economic scarcity of exhaustible natural re¬ 
sources. 1 Candidate measures include the prices of natural resource 


Rescan h (01 this paper was partially supported by ail Alfred P Sloan Foundation 
grant to the University of Washington lor rescarc h in naiuial icsource economics. We 
ale grateful to l ee E. Edlefscn, V Keny Smith, and Joseph E. Swieiyhinski loi com¬ 
ments on an earlier version of this paper, file views and opinions expressed heieiu aie 
solely those of the authors and do not necessarily repiesent those ol tile Federal Re¬ 
serve Bank of Kansas City or the Federal Reserve System 

1 I he pioneering study of the measurement of nauual resource scatcity is Bainett 
and Morse (19ti3). Smith (19796) contains a number of useful papers reevaluating die 
Barnett and Morse work Other recent studies include Brown and Field (1978), Pm- 
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products at various stages of processing, the price of the resource in 
situ (also referred to as the resource’s rent, royalty, or net price), and 
the unit cost of extraction. 

Increasing physical scarcity may be associated with either increases 
or decreases over time in any or all of the proposed measures. Be¬ 
cause they respond to different sets of economic and technological 
influences, there is no reason to expect the magnitude, or even the 
direction, of scarcity change to he the same for alternative measures, 
t herefore, no one measure of natural resource scarcity can be said to 
be the most appropriate in general on theoretical grounds. Instead 
the choice of a scarcity measure in a particular context should be 
based on an evaluation of which economic and technological effects 
on scarcity are relevant for the question at hand. At the same time, it 
is critical that the preferred scarcity measure be estimated directly, 
since the use of a proxy measure might lead to highly misleading 
results. 2 

In practice, the measurement of natural resource scarcity has been 
severely constrained by data considerations. Owing in large part to 
the prevalence of vertical integration in natural resource industries 
(Manthy 1978), data on the prices of resources in situ, unit extraction 
costs, and the prices of extracted but unprocessed resources have 
been very difficult to obtain. As a result, there has been a tendencv to 
rely on the prices of processed resource products m measuring trends 
in natural resource scarcity. 1 

In this paper we show how duality theorv can be used to derive 
estimates of the competitive price of the lesouu ( it: itu from d.n.i on 
vertically integrated natural resource 
illustrated with data for the Canadi. 
empirical results indicate that the si. 
has fallen substantially from 1956 to i 
cessed ore has increased slightly. 

The derivation of the econometn< 


dyrk (1978), Sirnih (1978, 1979a), Johnson, Bell. ami 

Fisher (1982), and Slade (1982) Smith (1980) and hislu-i ti .- v , 

overviews of die literature in this area 

2 For fun her discussion see Brown and Field (1978). Smith (1978. 1980), Hanson 
(1980), Fisher (1981), and Halvorsen and Smith (1984) 

1 See, e.g , Barnet I and Morse (1903). Smith (1979a), and Slade (1982) Baineti and 
Morse (1963) also attempt to measure unit exit action costs. but then estimates include 
costs of some processing a< tivttics and do not retted c hanges in input pi ices I heir cost 
measures have been updated by Johnson et al. (1980). Brown and field (1978) icpoit 
the limited available data on the prices of resources m situ T hey suggest, as does Fishei 
(1981), the use of marginal exploration cost as an indued measure of the scare ity rent, 
but Devarajan and Fishei (1982) show that marginal exploration cost need not be 
equated to the price of the resource in situ given uncertainty in exploration Morones 
and Trapani (1981) simulate the effects on the output puce of imneral-iiiiensi\e indus¬ 
tries of changes in the prices ol capital, lalxir, and minerals 
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section. The specification of the model and the empirical results are 
discussed in Section Ill. 


II. The Model 

The production function for a vertically integrated natural resource 
firm is assumed to be 

Q = <2(X, Z, T), (1) 

where Q is the quantity of final output, X is a vector of reproducible 
inputs, Z is the stock of the exhaustible natural resource, and T (time) 
allows for the effects of technological change. Assuming that the 
quantities of inputs used in extraction are separable from those used 
in processing, we can rewrite equation (1) as 

(l = Q[X , \ T, N{\‘\ Z, T)J, (2) 

where the superscripts P and E represent processing and extraction 
activities, respectively, and N is the output of the extraction sub¬ 
production function, that is, the quantity of ore extracted. 

I'he firm is assumed to maximize the wealth obtainable from its 
stock of the natural resource given input and output prices, the tech¬ 
nological conditions governing extraction and processing, and the 
constraints 

Z, = Z„ - [ NJ t » 0, 


The current-valued Hamiltonian for the firm’s wealth maximization 
problem is 

H = FyC'fX'', N, T) - X rX ~ C(N, P£. Z, T) - plV. 

t 

i = 1, .... n, 

where p is a costate variable, r is the rate of discount, Pq is the price of 
output, P x is a vector of input prices, and C(-) is the minimal total cost 
function dual to the extraction subproduction function. If a competi¬ 
tive market existed for the natural resource in situ, the market price 
in period t would be equal to p, because this represents the marginal 
opportunity cost to the firm of one unit of stock. 

Our procedure for estimating p is based on the reproducible cost 
function dual to the production function for final output, equation 
(2). The solution to the firm’s wealth-maximizing problem gives the 
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optimal quantities of N to extract and of Q to produce in each period. 
The reproducible cost function can be derived by considering the 
auxiliary problem of minimizing the total cost of reproducible inputs 
in each period given Z and the optimal quantities of Q and N in each 
period. 4 

With the time subscripts omitted, the Lagrangian for the con¬ 
strained cost minimization problem is 

X = X p -( x -’ + X -> + <KQ - QfX^ >• Z, 7')]} 

, ( 3 ) 

+ 8 [N - N(X h , Z, / )]. 

The values of Q and N are taken as set at their wealth-maximizing 
levels. The first-order conditions for the cost-minimizing quantities of 
reproducible inputs in processing and exit action are, respectively. 


/>, = 0 d « . 
ax', 

(4) 

i\ - 5 . 

axf 

(•>) 


The solution of this cost minimization problem vtelds the reproduc¬ 
ible cost function, 

CR = CR((), P x , A\ Z. T). (It) 

By the envelope theorem (Silbetbeig ! 

dCR _ d'l 

tv " tv 

The right-hand side of (7) can l» 
solution of the total cost minimizaie 
The Lagrangian is 

X = X ALYf + AT) +■ tc.VtX .Z. I , 

(M) 

+ e{Q - Q[X , \ /'. .V(X\ Z, 7 ))}, 


1 Of course, firms will noi explicitly solve the icsiiiUed cost minmu/utioii piohlcm 
considered here but instead will solve simulianeoiislv lor the wealth-maximizing qu.m- 
lilies of Q and N together with the oplunal quantities ol tcptodut lhle inputs 1 lowcv it, 
the optimal quantities of reproducible inputs given In the solution to the icsti u ted tost 
minimization pioblem will be identical to the quantities implied In the more general 
wealth-maximizing problem (see Lau 1976). Note that the tost minimization pioblem is 
consistent with the intertemporal control problem since the Hamiltonian esseutialls 
summarizes an infinite seties of static optimization pioblems 
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[be (unobservable) shadow price of (he ore in si.u. The 
conditions for the reproducible inputs are 


R, = 


/>, = 


a d Q 


— fx + 0 


dX\ 

d Q ) 

dN 


dN 

dXf 


(9) 

( 10 ) 


The solution values, X h and X'\ for this minimization problem will be 
identical to those derived for the restricted problem with N set equal 


to its wealth-maximizing level. 

From (-1) and (9), 


0 = 0. 

(11) 

From (5), (10), and (11), 


8 = ^ + 6 3- 

(12) 

Substituting from (12) in (7) we gel 


ac.R 

dN M " 

(13) 


Thus estimates of the shadow price of the ore in situ can be obtained 
from data for a vetiically integrated natural tesource industry by 
estimating its reproducible cost function and then differentiating the 
cost function with respect to iV. ’ I he econometric model used to 
implement this procedure for the Canadian metal mining industry is 
described in the following section. 


III. Econometric Specification and Empirical 
Results 

The output of the Canadian metal mining industry is specified to be a 
function of metallic ore, three reproducible inputs, capital, K , labor, 
/., and energy, E, and time, T." We use the translog functional form 


s 1 he result that the partial detivative of <i restricted cost (unction with respect to a 
quantity variable is equal to the negative of its shadow price was first noted by Hotelling 
(1932) and is generally referred to as Hotelling's lemma 
6 Data restrictions preclude the inclusion of the stock of the resource, Z, in the 
econometric model. The omission of Z will not bias the estimates of the paiameters of 
the cost (unction if there arc no stock depletion effects on ihe cost of extinction, or if 
such effects exist but Z is separable in production from ihe other inputs. Note that if 
Z could be inc luded, an estimate of the shadow rental price of one unit of oie in situ, 
rji - ji, could fie obtained as -dCRIdZ. 
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In CR = otp + o tp In Q + X a, In P, + a v In A' + a t T 


+ 1//2 7qq(I n Q) 2 + Vi X X 7 , ; In P, In P t + '/i'y.wfln /V) 2 

< i 

+ '/finT 2 + V y iQ in P, In Q + X y, v In P, In N (14) 

( i 

+ X 7./ (In P,)T + y^, In QIn N + 7yr (ln Q)T 


+ yy/(ln N)T, i,j = K,L,E . 

where, without loss of generality, y, t = y /r Linear homogeneity in 
prices is imposed on the cost function by the restrictions' 


X a > = 1 • 

l 

X 7., = X 7 ,J = X 7-.V = X 7,/ = X 7-q = () > '■ ; = K. /.. £. 

i / i i i 


Given the large number of parameters to be estimated, it is desir¬ 
able to obtain additional effective degrees of freedom bv estimating 
the input cost share equations. 


M, = a, + X 7>; l» I’, + 7 

i 

i = K.l 


jointly with the reproducible cost 1,. 
sum to unity for each observation, ot. 
deleted from the system of equations to u\ 

turbancc covariance matrix. 1 he remaining equations ,nc otui, i<> 
using an iterative Zellner-efficient procedure. Hie paiameter esiu 
mates are invariant to the choice of ecpiation to be deleted. 

Examination of the residuals from tfie estimated svstetn of equa¬ 
tions indicated that the distut bailees were heteioscedastic. Hide fore 
we used the heteroscedasticiiv-consistent covariance matrix estimator 
proposed by White (1980), W - (X’X) 'X'nX(X'X)' ', is here W is 


7 Estimation ot the model without the leMitctioiis lot linear homogenous m pines 
imposed indicates that these restrntions tesult in a significant teduction in goodness of 
fit. 1 lowcver, since economic ihcoi v requires linear homogeneity in prices, the standard 
practice of imposing it as a maintained hspothests is followed in subsequent estimation 
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the estimated covariance matrix, X is the n X A matrix of observations 
on the independent variables, and Cl = diag (u 1 , - • •. “J w * t h equal 
to the residual for the ith observation. 

(iiven this estimator for the covariance matrix, linear hypothesis 
tests of the form Rp = r are performed using the test statistic (Rp - 
r)'(RWR') '(RP - r), where, for tests involving q restricted parame¬ 
ters, R is a q x k matrix, P is the k x 1 vector of parameter estimates, 
and r is a q x 1 vector. Under the null hypothesis, the test statistic is 
asymptotically distributed as x 2 with q degrees of freedom (White 
1980). 8 

Hypotheses to be tested include homotheticity of the production 
function in reproducible inputs, which is tested by imposing the re¬ 
strictions y k Q = 0, k = K, L, E. Homogeneity is tested conditional on 
the acceptance of homotheticity by imposing the additional restric¬ 
tions, yqq = yty,v = yor — 0. Hicks’s neutral technical change is tested 
by imposing the restiictions y kT = 0 , k = K, L, E, N. 

1 he reproducible cost function, (14), and cost share equations, (15), 
are estimated with annual time-series data for the Canadian metal 
mining industry for 1956 through 1974. 9 Final output, Q, is the dollar 
value of ore concentrate deflated by the wholesale price index for 
metal mining. The quantity of capital is calculated using the perpetual 
inventory method, and the price of capital, /\, is a modified Christen¬ 
sen and Jorgenson (1969) service price index reflecting acquisition 
cost, the rate of interest, and the rate of depreciation. 10 The quantity 
of labor is the total number of workers, and the price of labor, f’,., is 
equal to average wages plus indirect benefits. Data on energy input 
are for electricity only. The price of energy, is equal to expendi¬ 
ture per kilowatt-hour. All input prices are expressed in nominal 
terms. The quantity of ote extracted, N, is equal to the total number 
of tons of metallic ore hoisted. All variables entering in log form are 
normalized suc h that their values at the means of the data are equal to 
unity. The time variable, T, is normalized to have the value zero for 
the median year, 1965. 

The results of the hypothesis tests concerning the characteristics of 
the production function indicate that the production function is both 
homolhetic and homogeneous in reproducible inputs. Hicks’s neutral 


s When r = 0 and R is a I X k vector with the ith element equal to unity and the rest 
zero, the test statistic is the square of a quasi t-statistic tor (he ith parameter (While 
1980 ). 

'' We are grateful to O. Anders of the Ontario Ministry of Natural Resources for 
making the data available to us The data are described in more detail in Smithson et al. 
( 1979 ) 

10 The formula used for the service price of capital is P K = q K (r + 8), where q K is the 
acquisition cost of capital, r is the real rate of interest, and 8 is the rale of depreciation. 
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technical change is strongly rejected .' 1 We also tested restrictions on 
several second-order parameters that appeared to reflect multicol- 
linearity among the corresponding variables. The restrictions y rr = 
"Inn — ^ could not he rejected either singly or jointly. Since these 
restrictions increase the precision with which the remaining parame¬ 
ters are estimated, without substantial effects on their estimated 
values, we have imposed them in the final form of the model. 

The estimated reproducible cost function is nondecreasing and 
concave in the prices of reproducible inputs and nonincreasing and 
convex in the quantity of N, as required for a well-behased produc¬ 
tion function (Lau 1976). Of the 20 estimated parameters in the final 
form of the model, eight are significant at the .01 level. 1 " The values 
of R 2 for the individual equations range from .922 to .995, while the 
generalized R 2 for the system of equations as a whole is equal to 
.996. 13 

The estimated shadow price of the resource in situ, pc, is calculated 
for each year as 11 

£< = - = - («.v + 7\ v hi ,V, + y, v In E„ 

\ < 16 ) 

+ Yq.-v In Q, + Yvr'fj v ' , 1 = K.L. E 

The table shows the corresponding scarcity index normali/ed to ha\e 
the value of 100.0 in the 1956 base year.'1 hr •*' 1 •»* - » down¬ 

ward trend in natural resource scan h 
son, an index of the real price of fin.- 
ing the metal mining output price 
price index. As shown in the table, i 
index of natural resource scare it) is 
tendency to decrease over time. 


11 Anders el al. (1980) use the same basic data io investigate the t h natitnsin > ><\ 
production in this industry. Their specification ddfei s hom <nn s m tlui a total, i atliei 
than reproducible, translog cost turn non is used Also. ihe\ use a dilfci ent definition < •( 
the technology variable that seeks to reflect the effects of emfiochcd technologual 
change. Despite these differences in specification, then results agree vmiIi ouis m unh¬ 
ealing that the production function is chaiac terired In bused technical change 

12 When tlie estimated covanante matiix is not ad|listed lot hcicioscodastic uv. 12 of 
the estimated parameters appear to lx* significant al the 01 level. 

13 The gcncializcd H 2 is calculated as I - (IrJ'lrJ), whcic b t | is the determin.mt <*t 
the residual moment matrix tor the system of cqq (14) and (13) and jr.j is this dctci mi- 
nant when the coefficients of all slope variables aie constrained to equal zero 

11 In calculating |i„ the ptechcted values of 'CH, implied bv the estimated i epuKlucihle 
cost function, eq. (14), are used Since exponentiation of (In (n,) icsults in biased 
estimates of the transformation suggested b\ (ioldbcigcr (1968. p 4fi9) is used in 
calculating (fo t . 
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TABLE I 

NaII'RAL RESOURC E Sc'AR< ITY INDEXES 



Estimated 

Real Price 


Real Price of 

ol Final 


Unexiracted Oie 

Output* 

1956 

100.0 

100 0 

1957 

93 5 

95.8 

1958 

103.2 

93 0 

1959 

83 8 

94.7 

I960 

81 4 

95.4 

1961 

HI 1 

95.5 

1962 

68.2 

94 6 

1968 

59 9 

93 7 

HMvt 

53 d 

96 1 

1965 

45 7 

99 1 

1966 

48.3 

99.3 

1967 

4 1.1 

101.4 

1968 

39 6 

102 3 

1969 

38 1 

102 5 

1970 

33 9 

108 8 

1971 

2<) 2 

105.0 

1972 

27 5 

99.6 

1973 

19 9 

94 7 

1971 

17 6 

98 1 

* Winilr suit* j 

Mice md« \ for iiifi.il mining ilniclctl In the gctieiul whnhs.de jinic tilth x 



To obtain a summary description of the differences in the two 
indexes, we estimated the linear trend equations 


X* = 10:1.98 - 

4.77/', 

R- = .90, 

(17) 

(1(3.38) 

(2.98) 



X,. = 94.50 + 

0.387', 

R- = .20, 

(18) 

(1.78) 

(0.10) 




where X^ is the index of the shadow price of unextracted ore, X/. is the 
index of the real price of final output, /' is time, and the figures in 
parentheses are estimated standard errors. 1 ’ The trend coefficient is 
significant at the .10 level in both equations but differs in sign, with 
the absolute value of the negative coefficient in equation (17) much 
larger than the positive coefficient in equation (18). 

Thus the estimated values of the shadow price of the resource in 
situ indicate a downward trend in natural resource scarcity, while the 
price of output indicates a slight upward trend. Which conclusion is 
"correct" depends on which concept of natural resource scarcity is 

15 The estimated standard errors tor e<|. (17) are adjusted to actount lor the (ail that 
ji is an estimate calculated using t'cj. (16). Without this adjustment, the estimated stan¬ 
dard error ol the trend coefficient would lie only 23 
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considered the most relevant in a particular context. However, these 
results dearly demonstrate the hazards involved in using output price 
as a proxy for the price of the unextracted resource when the latter 
measure is the one desired, and therefore the value of having avail¬ 
able a procedure for estimating the price of unextracted ore from 
data for a vertically integrated natural resource industry. 
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New Products and the Factor 
Content of International Trade 


Richard A. Brecher and Ehsan U. Choudhri 

Carleton University 


I'his paper extends ihe multicommodity two-input version of the 
Heckscher-Ohlin model to include “new products," on which consid¬ 
erable interest has been focused by the product-cycle hypothesis and 
related analyses. The extended model is then used to teexamine the 
implications of relative factor abundance for the capital and labor 
content of international commodity trade. As this analysis shows, the 
presence of new products might in principle resolve the I.eonttef 
paradox under ceitam specific conditions. 


I. Introduction 

Vernon’s (1966) product-cycle hypot! 

Kravis 1956; Posner 1961; Hulbatt 
considerable interest in the role of 
the factor content of international to- 
standing the Leontief paradox. Wlith 
emphasizing the empirical important 
to be incorporated fotmally into the stai... 

world trade, in the tradition of Melvin (l'.)t>.. 

To address this need, the present paper extends the multicommod¬ 
ity two-input version of tlie Heckscher-Ohlin model to include new 
products, defined here as goods whose technology is available m onlv 
one country. In Section II, the extended model is used to reexamine 


The present papei is a condensed version ol oui 11082r I eailiei manusciipi, which 
provides additional details We gratefully acknowledge helpful conuuenis and sugges¬ 
tions from Jagdish N. Bhagwali, Alan V. Deaidorlf, Ruben t Feensira. and |avol> V 
Frenkel. 


[Journal of r<>htuul t'tonomy, 1984, vol 92, no ?»] 
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the implications of relative factor abundance for the capital and labor 
content of world trade. As explained in Section 111, the presence of 
new products might in principle resolve the Leontief paradox under 
certain specific conditions. 


II. The Extended Model 

Start with the standard Heckscher-Ohlin model of a two-country, 
two-factor world in which capital and labor are used to produce any 
number of “old products,” defined here as goods whose technology is 
identical internationally. Extend this model to incorporate one or 
more new products (defined above). As usual, assume constant re¬ 
turns to scale in production, absence of factor-intensity reversals, 
identical homothetic tastes for the home and foreign countries, inter¬ 
national immobility of capital and labor, perfect competition, and free 
ttade. 

1 o highlight certain xiyli/ed features of Vernon’s (1966) discussion, 
we restrict our attention to the interesting case in which the following 
three assumptions also hold. First, the (physically) capital-abundant 
country is the sole producer of all new goods. 1 Second, this country 
has a higher wage-rental ratio than the rest of the world.' Third, new 
products are labor intensive in relation to old goods, when the two 
types of commodities are compared at the same wage-rental talio. ' 
Letting the home country be the relatively capital-abundant one, 


where K and /. represent the fixed endowments of capital and labor, 
respectively, fin this economy and K" and I.' 1 ' denote the cot re¬ 
sponding endowments for the world as a whole. As we shall now 
proceed to show, predictions about the factor content of international 
trade in the extended (unlike the standard) model depend on 
whcthei any (old) good is produced in common by both countries.' 

To dispense first with the simpler case, begin by supposing that 
there is no “common product,” defined here as a good produced in 


1 See also Krugirian (197*1) tot a (one-factoi) model of ttade between an innovating 
"North” and an imitating "South." 

’ If factor pi ices weie assumed to lemaui equal lietwcen countries, mtiodiumg new 
products would not essentially affect the standaid (uclor-couicnt llieotetns of inlet na¬ 
tional trade, as explained by Vanck and Berlrand (1971). See also n 3 below 

’ T hus, as could icaddy he shown, the capital-abundant count!) cannot have a luvvci 
wage-rental ratio than ihe rest ot the wot Id 

1 On the lack ol such dependence when new products aic absent, see Biccher and 
( holldllli ( iyS‘2n) 
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both countries. In this case, the factor requirements per dollar’s worth 
of each good are unique in world production and hence consump¬ 
tion. Therefore, the presence of new commodities does nothing to 
upset the following condition used by Learner (1980): 

F, = ixF“', F = K, (2) 

where K c and L, are the total amounts of capital and labor, respec¬ 
tively, embodied in home consumption and a is the home country’s 
relative share of total world expenditure. 

From (1) and (2), L C IL > KJK or, equivalently, K/IK > L-flL, where 
Kr (= F - K,) and L t (= L - L c ) denote net exports of capital and 
labor, respectively, embodied in the commodity trade of the home 
country. Thus, despite our introduction of new products, there is not 
yet any violation of Vanek’s (1968) well-known proposition concern¬ 
ing the factor-content “chain of comparative advantage," which may 
be expressed generally as follows: Ranking the factors of a country 
(say the home one) by relative domestic abundance (FIF“ ) is the same 
as ranking them by relative net exports (F T /F).' 

The situation changes dramatically, however, as we now introduce 
a common good,'’ produced with factor requirements that differ be¬ 
tween countries (given the international divergence in wage-rental 
ratios). 'To preserve (2) in the face of these differences, we would 
clearly need to have equality off* and ft*, which respectivelv denote 
the proportions of home and foreign consumption of the common 
good met front home production. Given the < mion i! ^sumption 
that international tiade of each (1 o. 
tional, however, it is easy to see tfi.i 
home consumption of the common . 
of home production, which (per dol’ 
capital and less labor than foreign ; 
rental ratio is higher at home than .n 
replaced by 

F, = (i'aF", F = k, /.. 


’ More could be said it balanced cotninoditv trade were assumed I hen. leiting l\ 
and denote home (unequal lu foreign) pines ol capital and lalvoi, i cspcctivc Iv. \u’ 
could i cadily show that /\ K, + P, L r < 0 given cost minimization 1 -1 om this lesuli <uid 
the chain pioposition staled above, l. t < 0. We could simuhaneouslv have K } •' 0, 
miuitively because die home counliv’s exports ol new pmducis rmbodv a "technology 
content," which might be cvhanging into nalionall> for both capital and laboi content 
u Only one such good is possible in the two-factor. Iree-nade model with imeina¬ 
tional lactor-pnce clifteicnees, as noted by Deaidoitt (1979) 1 he piesent analvsis 

extends icadily, howevei, to any ihiidIxm ol common pioduus m the piesence of 
production (ax-cuni-subsidies in lavor ol import-competing goods 

' As the home country is an exporter, noniiader, or impoiier ol the common prod 
uct, we have 0 = 1 > 0* > 0. 0 = 1 > 0* = 0. or 1 > 0 > 0 - 0*. icspei lively 



y68 JOURNAL OF POLITICAL ECONOMY 

where (i K > 1 > 3' necessarily.* If p* is sufficiently greater than 0 f ", 
then from (1) and (2') we now can have L T !L > K r /K, in clear violation 
of the chain proposition stated above. 

The possibility of this violation is illustrated dramatically (with L T > 
0 > K t ) in figure 1 for the case of balanced commodity trade. In this 
diagram, HH‘ and FF' are unit isocost lines in the home and foreign 
countries, respectively. The unit-value isoquants 1, 2, and 3 represent 
a dollar’s worth of output for old goods 1 and 2 and new good 3. (For 
now, no other commodities exist, and hence isoquant 4 should be 
ignored.) The slopes of (undrawn) rays OF. and (flatter) OD give, 
respectively, the capital-labor endowment ratios of the home and 
foreign countries. For simplicity, (common) good 1 is not traded in¬ 
ternationally. 1 ' Since point N lies southeast of point B, every dollar’s 
worth of home exports (of good 3) uses more labor and less capital 
than every equal-valued amount of foreign exports (of good 2). Thus, 
the home country is a net exporter of labor and importer of capital. 

It is important to stress that the relative labor intensity of new 
products is not itself enough to ensure this violation of the chain 
proposition. Given their presence, the crucial issue is the magnitude 
of biases (0* and p') created by common-good production. Only if 
these biases ate sufficiently great can the chain be reversed as in the 
example above. 

III. The Leontief Paradox 

Although Learner (1980) has shed considerable light on the Leontief 
paradox, Leonlief’s (1954) data lor the United States include some 
features that are not satisfactorily explained in the model with only 
old products. For instance, as Brother and Ohoudhri (19826) have 
shown, it was paradoxical that I. r > 0 (despite IJL W < a) for the 
United States. Also, since Leontief’s estimates show U.S. capital 
(labor) requirements per million dollars to be less (greater) for ex¬ 
ports than imports, his figures suggest the paradox that L r > 0 > K r if 
commodity trade were balanced. 1 " 

B As could readily be shown, (3 h - 1 - ((8 - - n*)(’*]/F“', F - K, L, where a K 

and n L are the inputs of capital and labor, respetlively, per dollar’s worth o! home 
output of the common good; a£ and a, are the corresponding requirements in the 
foreign country; and C* is foreign consumption of the common good If additional 
common goods were admitted in accordance with n. 6, we would still have p A > 1 > (i 7 . 

This simplification was suggested to us by Alan V. Deardorff, who noted that 
AFJAN = A'DIA'B in this ease, since the relative share of (nontraded) good 1 in 
national income must be ihe same for both countries (given balanced commodity trade 
and homothetic tastes) 

10 Admittedly, a move to balanced commodity trade (from the position of surplus in 
Leontief’s data) could have changed the commodity composition of U.S. trade and thus 
might have altered the factor content per million dollars of exports and imports. There 
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As is clear from Section II above, an explanation of these paradox¬ 
ical findings is possible if new products are incorporated into the 
model. In this case, the labor bias (p /_ ) due to common-good produc¬ 
tion might be sufficiently pronounced to yield /. > p 'aL u ‘ for the 
United States, implying that L, > 0 (in view of [2']). Also, the capital 
bias (P A ) for the United States might at the same time be great enough 
to cause K r < 0 under balanced commodity trade (as illustrated above 
in fig. 1). Thus, the presence of new products c an in print iple explain 
an apparent failure of the Heckscher-Ohlin theorem in its Melvin 
(1968)—Vanek (19fi8) factor-content version, which predicts that AY > 
0 > L T if commodity trade is balanced. 

Finally, with (but not without) new products we can intriguingly 
have the following new possibility: The Leontief paradox might sim¬ 
ply be a measurement error, caused by I.eontief’s (195-4) method of 
using home rather than foreign requirements to estimate the factor 
content of U.S. imports. 11 Even when AY > 0 > l. T , we may observe l. T 
> 0 > AY, where a circumflex over a variable indicates the Leontief 
estimate (based wholly on home requirements of factors). Although 
this combination of true and estimated outcomes cannot arise when 
all goods are old, the following example illustrates the possibility of 
this combination in the presence of new products. 

In figure 1, assume that good 1 (with unit-value isoquant 4) and 
good 1 are the world’s only commodities. (Thus, isoquants 2 and 5 
should now be ignored.) The home country produces and expotts 
(new) product 4, while producing and impotting good 1. (Note that 
OA' [not drawn] is now the foreign endounu iu n on > 

lower capital-labor ratio than the donn 
still OK [not drawn].) Since point (. I, 
anted commodity trade would ini pis I. 
however, L T > 0 > AY, because pon 
(which provides the Leontief estimate- 
by point A'). 

As suggested by this example, the lion: 
exporting capital and importing labor even w n< n n < 
of factor trade actually holds. For this possible outcome to be coiims- 


is no reason to expea. however, that sin h a change would ha\e mnved the Mgns nl K , 
and Lj. In fact, Baldwin (1971) lias estimated the tauor content oi l' S Made hu a 
period in which this country's Hade surplus w.is considerahh smaller than in 1 eontirls 
period. Baldwin's estimates conhim that, pei million dollais. the United States was a 
net exporter of labor and importer of capital. 

11 On the mappropilateness of this estimation ptoceduie when factor pnees dditi 
internationally, see Dcardorff (1982). Nexei theless. without new piodiuts, Biechci 
and Choudhti’s (1982a) pi oof that K t > 0 > /./ is quahtatixelx unaffected d fac¬ 
tor requirements of home importables ate estimated (a la leontief) In the points 
where isoquants for such goods touch the unit isocost line of the home count!\ 
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tent with Leontief’s (1954) data, his estimates of labor and capital 
content per million dollars would have to be only 7 percent below anti 
20 percent above the true levels, respectively. Although detailed 
verification of such a possibility would be beyond the scope of the 
present paper, some teadily available data (for labor) suggest that the 
actual bias may well be considerably greater. 
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Angell and the Stable Money Rule 
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The stable money t itle is part of monetarism. That aspect of the rule 
may account for monetarists’ being chary of acknowledging the wide 
spectrum of advocacy of the rule. In particular, the rule’s early advo¬ 
cacy by Janies W. Angell has not been given sufficient recognition. 

Two decades ago a number of writers, Howard S. Ellis (1964, p. 
202), Harry G. Johnson (1965, p. 31), and Richard Selden (1966, p. 
328), took special note of a later article (Angell I960) and uniformly 
echoed the view that Angell had belatedly joined the stable money 
school. The same view seems to have been held, at least implicitly, by 
Thomas Humphrey. In his study of the non-Chicago economists’con¬ 
tributions to the American quantity theory tradition, Humphrey 
(1971) found no occasion to mention Angell’s name throughout his 
entire study. I.ater, in response to Patinkin’s (1973, p. 456) strongly 
worded criticism of his failure to recognize Angell’s contribution, he 
conceded: “As Patinkin rightly points out, James Angell . . . 
pioneered in the . . . uses of the income velocity concept and thus 
deserves iec(ignition as one of the important non-Chicago quantity 
theorists writing in the 30’s” (Humphrey 1973, p. 461). While conced¬ 
ing on this issue of income velocity, Humphrey continued to ignore 
Angell's long-standing support of the stable money ptoposition, 
thereby creating the impression that F.llis et al. were essentially correct 
in their view that Angell joined the stable money school only in 1960. 

The purpose of this note is to show that Angel) had been a propo¬ 
nent of a stable money rule ever since the early 1930s. In order to 
establish this point, we call attention in Section I to some of Angell’s 
earlier writings. In Section II, we comment on some related matters. 


\Joumai »j Point/al Famomy. | r M4, vt/l no 5} 

ft 1*184 by I he University of UiUdRo All tights tcsnvfd <K>!22-1»O8MtW2O r >-Q0|O$(ll 50 


97 * 



STABLE MONEY RULE 


973 


I 

III December 1932, Angell delivered a paper before the Ameiican 
Association for the Advancement of Science (Angell 1933a), in which 
he adumbrated his views on “Monetary Prerequisites for Employment 
Stabilization.” 1 These views, later incorporated into another essay 
(Angell 19336), were quite specific on the stable money issue. He 
argued that “the total net quantity of cash and bank deposits” should 
be held "as nearly constant as possible” in the short run. Beyond the 
short run, however, “the constancy of the net quantity of cash and 
bank deposits should be modified for estimated enduring changes in 
the circular velocity of money itself, so that the product of money 
stock times circular velocity remains substantially constant . . . [and] 
should ... be allowed to vary with population, to prevent substantial 
changes in average money income per caput” (Angell 19336, p. '>8). 

Angell thought that these criteria would give the central bank au¬ 
thorities “a simple and ... a reasonably workable guide for their 
actions” (Angell 19336, p. 59). In implementing such a policv. how¬ 
ever, the authorities should be aware of the fact that the ptinctpal 
source of variation in the money supply (or “the supply of media of 
exchange,” as he called it) came from bank deposits. In older to keep 
bank deposits at the desired level, “it is principalis necessary only to 
control the aggregate size of Federal Reserve member banks' reset s e 
balances” by employing discount and open-market policies (Angell 
19336, pp. (15-66). 

Soon afterward came one of the most memorable sears in the an¬ 
nals of the economics profession It was |935 the seat when the 
foremost living quantity theorist, Ii\im> 1 
published the book lOOVt Motm\ at 
lained the proposition that the qu 


1 As far as we know, tins woik is the cat In 
money growth. It tame fully 4 years hefoit 1 
year be foie the celebrated iiiimcogi aphed n, 

Reform” that was being circulated among (.Imago . 

Simons 1936, p 4) Although the stable mone\ niit . 

ancient heiitagc, it is perhaps best to view it as a (wcniicilw t iitwi \ |>i > iposal hi dial us 
current form probably stems from the ending oi the gold \tand.ud arid (he mining o! 
very active central banking Previous lonns earlv in die nineteenih ceniuiv (I.nlas 
1977) are more descriptions ot a desirable stale than meaning!ul proposals tor central 
bank action and dilfer from vet eaihei ideas in being set m a glowing instead a 
stationary economy Implic at ions of that contrast are meielv tli.it the i ule l>e a constant 
rate of growth rather than a constant level. Ignoring such a minor modification sug- 
gests that the true intellectual origins of the stable monev mle go back .it least to 
Suetonius (a.d 70-122), who roniuikcd on the iimnctaiv consecjueiues ot the hmpcmi 
Augustus’s liiumphs, “Nam el liiuecla uibi Alcxandnno tiiumpho icgia ga/a taiiiam 
copiam nummartae rei e<fecit, ut faenore deminuto plunmuni agrorum pic-ms acces- 
serit” (Suetonius, Dims Augustus 41.1). 
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and contract as business expands and contracts" with some allowance 
being made for the expansion of the money stock over time (Fisher 
1935, pp. 160 and passim). Angell’s reaction was immediate: “This is 
the doctrine, of the ‘elasticity’ of currency and credit, which is at the 
heart of the Federal Reserve plan . . . [and] which 1 think should be 
expunged once for all from the economic organon” (Angell 1935, p. 
25). He repeated his call for a stable money growth linked only to 
secular changes in circular velocity and population (Angell 1935, pp. 
26, 34). According to him, these two trend factors would have re¬ 
quired “an increase in the stock of money of less than 1.5 per cent a 
year" (Angell 1935, p. 34) during the decade of 1920-30. 

Angell proposed his own “100 percent reserve plan,” which he 
believed would achieve the desired results while remaining free of the 
defet is of other such plans. His plans required “the conversion of the 
[existing] demand deposit liabilities of the commercial banks into 
similar liabilities of the United States, but backed 100 per cent by 
currency and administered by the commercial banks as agents” 
(Angell 1935, p. 34). Such a system, he thought, would "permit a 
rational control of the total si/e of the stock of money itself" free from 
transitional complications and subsequent political abuses (Angell 
1935, p. 35). Angell, however, did not consider the establishment of a 
100 percent reserve system important in itself. Its virtue was that it 
served as a means to “secure reasonable behavior of the money stock." 

Arigell’s Behavior of Money was published in 1936, the same year that 
witnessed the publication of Henry Simons's “Rules versus Au¬ 
thorities in Monetary Policy." Angell’s book, which Howard Kills 
called "a work of commanding significance in monetary science," 
summarized the results of a statistical analysis involving money, na¬ 
tional income, and velocity that had been carried out over “several 
years.” From his analysis (Angell 1936, pp. 161-62) that showed that 
the quantity of money (especially that of deposits) had no close corre¬ 
lation with the short-run pace of real economic activity, he concluded 
that any attempt to ac hieve "desirable genet al economic objectives by 
enforc ing artificial and . . . frequent jluiluatiom in the quantity of 
money” would encounter “serious difficulties” (Angell 1936, pp. 161- 
62). In contrast, he found that money income displayed a close associ¬ 
ation with “(changes and trends] of the sloe k of circ ulating money" in 
1909—28, with the circular velocity vatying within a narrow range 
around a horizontal trend (Angell 1936, p. 162). These results led 
Angell to state: “if the ultimate objective of policy is to induce a 
greater degree of stability in national and individual money incomes 
. . . then the most effective procedure is to stabilize the quantity of 
money. This quantity would not be held absolutely constant . . . but 
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. . . allowed to change . . . gradually and evenly" (Angell 1936, 
p. 163). 2 

Unlike quite a number of other economists, Angell never thought 
that the stable money rule could be a cure-all. In particular, he 
warned, “marked fluctuations in economic activity and in the national 
income would doubtless still remain, but there is ground for thinking 
that they would be far less severe and injurious than those from which 
we now suffer” (Angell 1936, p. 163). 

Angell’s most comprehensive discussion of stable money growth 
came in an essay written in honor of Irving Fisher. He pointed out 
that economists generally agreed that monetary policy should be so 
planned and operated as to make the economy cope more efficiently 
with “large and small booms and collapse” and to ensure a reasonably 
full utilization of resources at all times. But opinions differed “on just 
what the specific content of that policy should be.” For Angell the 
choice was clear. “If we take national money income as a rough guide 
to the total money volume of general economic activity, it therefore 
seems plausible to think that an easy method for getting at the larger 
fluctuations in this total activity, and one not hitherto tested deliber¬ 
ately on any extensive scale, can perhaps be developed by controlling 
the quantity of circulating money itself” (Angell 1937, p. 55). Then 
he referred to the stable money plan that he had proposed in earlier 
writings, stabilizing the stock of money and allowing it to inctease onh 
with population growth and long-term velocity changes. Finally he 
discussed the institutional arrangements appropriate to ensure the 
controlled growth of the money stock He tugcd 'he adootton of Ins 
100 percent reserve plan, recognizing t! 
the existing banking practice, but 
practical terms to the attempt to - 
through such more familiar devu < 
open-market operations and changm 
1937, p. 56, n. 5). Such devices re>; 
powers" against many odds including 
[that] conies in slowly" (Angell 1937. p. .">(>. n 

percent reserve plan would eliminate “neat h all disunion and emu., 
be “semiautomatic and positive in its action" (Angell 1937. p. 56, 
n. 5). 


‘ Angcll's ptopusal was nut well irtciyecl in Lain him Tunic nl llaoaicl who. in Ins 
review ot this Ixiok, sale): "Whether this |thc stabilization ot |x r ia pita money liltunit | 
t mild he accomplished by stabilizing the sohiine ot money. as l'rolessnr \ngell implies, 
is a highly debatable tpiestion" (Can I le I'.lSti. p 7111). Eicdcuck \ Biadfoids lesiew 
also recalled Angcll’s earlier c run ism ol the "doc trine ot the elastic its ot c intent v and 
ciedil" and expiessed his strong objection to taking "the pioblem ol monci.u y contiol 
as almost exclusively cpianlitalive pinhlem" tBradtorel 11117. p 171) 
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Although Angell argued very strongly in favor of stable monetary 
growth,'' he did not have any illusion that such growth by itself would 
“end all fluctuations in the total money volume of economic activity,” 
But "if the quantity of money were kept reasonably stable,” Angell 
concluded, “these remaining and perhaps irreducible quasi cycles 
would become relatively small in size, and would hence be of second¬ 
ary importance” (Angell 1937, p. 83). 

II 

It is clear from the preceding section that Angell began advocating a 
stable money rule from the early 1930s. His early advocacy was duly 
recognized by Joseph K. Reeve, who, in a survey of monetary reform 
movements in the United States, credited Angell and Henry Simons 
for making “the most important of the relatively few suggestions for 
stabilization of the quantity of money” (Reeve 1943, p. 330). Angell’s 
call for stable money growth in 1960 was not a new step but one that 
he had consistently and continuously maintained since the 1930s.' 

As has been pointed out, Humphrey erred in totally overlooking 
AngeH’s contribution to the stable money rule, a cause that became 
the most celebrated of Chicago school causes. Humphrey needed a 
non-Chicago-school economist for his case. Instead of Angell, he 
chose Lionel bdie and Carl Snyder because of their “fixed growth rate 
rule.” Both F.die and Snyder wrote extensively on such a rule. What 
they were proposing, however, was not a fixed money growth rate rule 
hut a fixed credit growth rate rule. Nowhere in the sources that Hum¬ 
phrey cites did either Edie or Snyder make specific references to 
money supply (or to currency plus net deposits or some such mag¬ 
nitudes) as such; their references were invariably to credit or to 
credit-related magnitudes. This emphasis, we believe, was also why 
Reeve (1943, p. 330) classified Edie and Snyder as advocates of the 
proposal to stabilize “the ratio between the volume of credit and the 
secular expansion of industry and trade,” which is distinct from either 


’ Angell again dwelt briefly on (he need lor controlled growth of money in his book 
(1941, p 25b) Slioitly afierwaid. he was joined by Wai burton, who, besides sharing a 
monetarist approach, expressed the same views on stable money growth. Unlike 
Angell, he did not so much make policy statements of these views as incorporate them 
in his analysis (Warburton 1945, p 121; 1946, pp. 442-44). 

1 The only noteworthy change in the 1969 article is that Angel) accepted Ihe idea oi 
switching money from being linked to population growth and secular changes in veloc¬ 
ity to being linked to the “real growth rate of the economy” and by ptoposing a number 
ol exceptions to the rule. Those exceptions included such measures as to meet seasonal 
influences or needs arising out of large Treasury financing, to countciact "disorderly 
conditions” developing in the government securities market, or to counter the threat of 
a money market panic (Angell I960, pp. 251—52). 
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the proposal to stabilize the price level or the proposal to stabilize the 
quantity of money. Edie and Snyder can only be considered propo¬ 
nents of the stable money rule if there always exists a one-to-one 
relationship between bank credit and the money supply and the for¬ 
mer can be considered a proxy for the latter. In fact, bank credit is not 
perfectly correlated with the money supply and the proposals to 
stabilize them are not identical. * 

Why Angell’s early advocacy of the stable money rule has been so 
completely overlooked in the current literature is an intriguing ques¬ 
tion. He wrote about it, not once or twice casually, but repeatedly over' 
an extended period of time in major journals, monographs, and con¬ 
tributed essays.' 1 We respectfully submit that monetarists should, al¬ 
beit belatedly, receive James W. Angell into the fold. 
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Aggregation and the Factoral Content 
of Trade 

Richard Gift 
Untvnsity of Kentiufa 

William Marxsen 

H fllS o nth ( ha flotation 


With the publication ol Vanek’s pioneering extension (1988) of the 
Heckscher-Ohlin theorem to many goods and factors, it became clear 
that paradoxical trade patterns were possible in a well-behaved neo¬ 
classical world. In a recent article in this Journal , Kdward Leamet 
(1980) has employed Vanek's model to demonstiate that I.eontief’s 
paradoxical trade patterns are consistent with a verv restiictive set ol 
Heckscher-Ohlin-Vanek (HOV) assumptions. 1 His anahsis suggests 
that Leontief’s and other investigators’ appeal' "I li* •< i" , unptions 
to explain the l.eontief paradox are ! 
overly restrictive view of the model 
In the general IIOV model emplo- 
capital and labor are two ol the man 
and used in production. But an i"u 
that would seem to be equally lmpoi i 
her ol factors in the analysis is the iikm., 
factors are aggregated. Clearly, capital an., 
factors, rather than each being a single lactoi ol piodm non. 


T he first \eisinn of this paper was wntten while Maixsen u.w at the IrmerMiv <»t 
Kent uc ky. We have be net i led from numerous comments limn I)a\ id Coition, an ammv 
mous referee, and the International Economics Woikshop at the l nivcisitv ot Ken¬ 
tucky Any lemdiniutt eitois 01 confusions aie uui icspoiiMhihiv 

1 In a laigelv overlooked pa pci, Williams (1^70) used a slu;htl\ ditleiem hamewoik 
to establish this fad as well. 


f foimuil nf Puhtmil honomx 1*W4. xol O** no S] 

t ( »Hl h\ | lie l imriMtv of ( hu.iRo Ml n K lu> tcM ivcd 00?‘.»-8S(is S1 Ml 
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The purpose of this paper is to extend Learner’s analysis to include 
aggregate factors. It will be shown that the method of aggregation will 
greatly affect the HOV predictions. 


The Basic Model 

All of the assumptions of the factor price equalization theorem hold, 
and, in addition, there are identical and homothetic tastes worldwide. 
As a consequence, the derived demand for factors in the home coun¬ 
try is a fraction of the world demand, which in general equilibrium 
equals the world factor supply. Thus the country’s net factor exports 
equal its endowment minus a f raction of the world’s factor endow¬ 
ment, or 


E = F - X F*, 


( 1 ) 


where E, F, and F* are column n-vectors of net factor exports, the 
domestic factor endowment, and the world factor endowment, re¬ 
spectively, and X equals Y/Y*, or the ratio of domestic national income 
to total world income (hereafter, all asterisked variables will be world 
values). 

1'he Heckscher-Ohlin theorem follows directly from condition (1). 
For any given factor, say t, condition (1) implies 2 that 


F, 


0 as F, § XT,* 



( 2 ) 


Whenever FJY > F*IY*, factor i is abundant and will be exported 
(net). Furthermore, the relative trade patterns of any two factors may 
be determined from condition (1) as well. For any factors i and j, it 
follows from straightforward manipulation of the tth and jth equality 
in (1) that 



(») 


Factor i is abundant relative to f actor; in the home country whenever 
the country’s endowment of i per unit of j exceeds that for the world, 
and net exports of i as a fraction of the country’s endowment will 
exceed that fraction for /. Learner has confirmed condition (3) for 
capital and labor using Leonlief’s original (1953) data. 

Another way to gauge factor abundance and factoral trade is to use 
income measures of factors.' 1 Let ft represent a diagonal matrix whose 


2 In a recent paper. Brccher and Cliondhri (1982) have shown that Lcontiefs origi¬ 
nal data fail to conform to this condition and hence reopen the paradox. 

1 Harkncss (1978) developed the income approach in a mote genetal model and 
employed it to examine more retent data. 
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nonzero elements are the various worldwide factor prices (R,: 1 = I, 
. . . , n). Both sides of condition (1) can be multiplied by R to yield 

RE = RE - KRF*. (!) 

The income version of the Heckscher-Ohlin theorem can now be 
shown for each factor and for pairs of factors by solving for condi¬ 
tions analogous to (2) and (3). For notations! convenience, define V, = 
R,F r Then, 


R,E, § 0 as Y, % XY* or 


Y, 


Y, 

Y* 


( 5 ) 


and 


R,E, 

y, 





Y l 

y, 




y/* 

* 1 


(b) 


With factor price equalization, conditions (5) and (6) produce exactly 

the same rankings of factors from most abundant to most scarce as do 

conditions (2) and (3), and hence the two pairs of conditions mav be 

used interchangeably in empirical tests of the model. T he income 

version’s main appeal, however, is its apparent avoidance of mam 

practical problems in the measurement of factor intensities. In piac- 

tice, reliable data concerning numbers ol machines 01 quantities of 

other factors are unavailable, and hence iiieasnnm: 1 apa il md mhc 1 

factor services by income Hows repiesn 

this manner, "aggregation problem* 

valuations in weighting qualitatively 

But such aggregation violates the c 1 n 

identical and homogeneous and tin, 

model in predicting trade (lows. |u* 

aggregation is an important question 


The Effects of Aggregation 

Let A represent a proper subset of the 11 distnu t factors that contains 
at least two factors chosen for aggregation. For notational simplicity, 
assume that A contains the first through the mill individual iadois 
ancf that there is a linear aggregation operator that assigns some 
weight s„ 1 = l, . . . , m, to each of (tie individual factois in A, 01 

A — s\E\ + y ->F‘> + . . . + (~) 

Assume that an identical procedure is followed for .L* for the woilcl 
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as a whole. Likewise, employ the same weights for net exports of the 
aggregate, e, 

€ = tf/l'l + 1'!! + ■ ■ ■ + S m h,„. (8) 

Both sides of equation (I) for an individual factor can be multiplied 
by the appropriate weights and the resulting equations for the indi¬ 
vidual elements in the aggregate factor can be added together to yield 
an identical condition for the aggregate. It immediately follows that 
the physical-fat tor-flow Hecksther-Ohlin conditions (2) and (3) will 
hold for aggregate as well as distinct factors. 

What makes the result above interesting is that no limitations have 
been imposed on the weights, v Any linear aggregation scheme that 
is consistently applied to home and world endowments and trade 
Hows will yield Hecksther-Ohlin behavior. For instance, il an inves¬ 
tigator wishes to aggregate a number of lesources under the heading 
of land, and the specific factors are such things as farmland, fresh 
water, and coal reserves, then any weighting scheme will yield Heck- 
scher-Ohlin behavior. If the investigator arbitrarily counts one acre of 
farmland as 10 units of land, a cubic mile of fresh water as one unit ol 
land, and a million tons of coal reserves as one-tenth unit of land, the 
resulting trade How measures will still be consistent with the Ileck- 
scher-Ohlm theorem. Indeed, any specific factor could be given a 
negative weight in an aggregate factor without altering the predic¬ 
tions 

This finding is intuitively troubling, since, for any given factor en¬ 
dowments and specific trade patterns, all the individual E ,'s are 
uniquely determined, while € will c hange in magnitude and perhaps 
sign as aggregation weights are arbitrarily c hanged. That the sign and 
magnitude of e depend on the values chosen would appear to de¬ 
stroy the predictive power of the model. But changing the s, teims 
alters the home country and world endowments of the aggregate 
factor as well. Any change in weights that changes the sign of e also 
changes its relative abundance in the home country. 

For the aggregate factor. A, there will be an associated “factor 
price,” V, and total factor income, X, such that the aggregate fatten 
income equals the sum of the individual factor incomes, 

Z - VA = ±K,E„ (9) 

for all i specific factors in the aggregate. Once aggregation weights (.»,) 
have been chosen, the value of V will depend on the individual factor 
prices as well as on the quantities of the individual factors. Since 
individual factor proportions will differ at home and abroad, equali¬ 
zation of individual factor prices will not imply aggregate factor price 
equalization. An immediate implication of the unequal aggregate fac- 
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tor prices is that the income and physical versions of the theorem will 
no longer yield identical rankings of abundance and trade-flow pat¬ 
terns. Thus a country might be labor poor by head count and yet rich 
in labor power as measured by total wage income. 

A straightforward application of these results is to reexamine the 
Leontief (1953), Learner (1980), and Brecher-C'.houdhri (1982) find¬ 
ings under different methods of aggregating labor. In all of their 
cited papers, the authors aggregate by head count. The analysis pre¬ 
sented here has shown that such a procedure is legitimate and should 
produce trade measures consistent with conditions (2) and (3). Thus, 
with aggregation, Learner’s finding supports the model, and Brecher 
and Choudhri’s does not. 

Still untested with the HOV model is Leontief’s contention that the 
United States was human capital abundant. As the analysis has dem¬ 
onstrated, any arbitrary way of measuring human capital will be con¬ 
sistent with the model. 1 But perhaps the most reasonable approach is 
to measure labor abundance and trade Hows via income and thus 
equate earnings with human capital. When Leontief’s original fac¬ 
to ral trade calculations are adjusted to measure labor via earnings 
rather than head count, the relevant term. €///.. rises by approxi¬ 
mately 10 percent, implying increased labor abundance. But this is 
not nearly enough to reverse Learner’s findings that > tiJl., and 
thus, contrary to Leontief’s claim, the data implv that physical capital 
was more abundant than human capital.’ 


Context 

Once the possibility that observed I 
aggregation is admitted, it follows i 
an aggregate’s average price may ev 
zation. With factor price equali/am 
implies a relative abundance of the 
nents of the aggregate and not a u i 
factor. Hence, when indiv idual lactoi pi in - 

tor price disparities will impart no information concei uing aggtcg.uc 
abundance. Thus, aggiegation, which has been shown to be harmless 
in the present model, is quite perilous when one emplovs (aggregate) 
factor prices themselves to predict trade Hows. 

I bis claim may be extended to autarky prices as well In autarkv. 

* Xtlicil (1 ‘tli.i) einploved an <iKK ,c K‘ilu>ii piocecluie ili.it bleaks IuImu into skilled 
and unskilled components and then adds ihe i apilah/rd s .line nt die skill to die i apilal 
slock. Even ibis pi oc educe is consistent vs it li die model 

’ Will) the hum,in iapil.il appioacli. die Kleiber ( hnudbii p.uados still lemanis 
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individual factor prices will generally be unequal and their relative 
values will indicate abundance. For any country, those individual fac¬ 
tors whose autarky prices exceed world averages will be scarce and 
imported via commodity trade. However, if any aggregation of differ¬ 
ent individual factors is involved in the determination of factor prices, 
those factors prices may be “contaminated” by different individual 
factor proportions within the aggregate. Thus a high autarky price 
may be explained either by the scarcity of the aggregate or by differ¬ 
ent individual factor proportions within the aggregate. 

These aggregation effects have profound implications for eco¬ 
nomic development planning and policies. If planners base growth 
strategies on average factor prices, their policies may be “against the 
wind,” in the sense of being contrary to, rather than in line with, 
relevant factor endowments. Likewise, trade policies themselves may 
be similarly quixotic. 

I he analysis has attempted to oiler further explanation of factor 
intensity paradoxes while retaining the spirit of the HOV model, 
which is that factor endowments are the major determinants of the 
pattern of comparative advantage. 
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The Economics of Housing Vouchees By Joseph Krifdman and Danih H. W'hn- 

BERO. 

New York: Academic Pi ess, 1982. Pp. 218. $27.5(1. 

This book reports (he major results of (he Demand Experiment component 
of the Experimental Housing Allowance Program (EHAP) conducted by the 
U.S. Department of Housing and l'i ban Development during the 1970s, I he 
purpose of EHAP was to see if ditect cash payments to households weie an 
“acceptable” alternative to public housing and similar subsidized constitution 
programs as a means of improving the housing occupied lit the pool. In the 
Demand Expeiintent, some 1,200 households in each of the Pittsburgh and 
Phoenix SMSAs were given vouchers to spend lot housing hi the private 
market under a variety of subsidy formulas. A huge amount ol data ueie 
collected on the behavior of these households: Friedman and Wembei g. then 
working at Ahl Assoc iates, spent seveial scars estimating demand elastic Hies. 
This book brings together much of their work, a large part of whit h has been 
available previously only m government conn act teports. 

Their principal findings are that both the price and income elastic Hies wcie 
veiy low. about —0 2 and 0 85, respectively 1 his is based on a sample ol 
households that leceived an unrestliued pi ice subside, i.uigiug horn 2(1 to tit) 
percent, and a neat ly equal number of unsubsidi/etl c minol hotisehcdels I he 
data aie fitted using a Slone-Geary iilihiv function ! la cJon 'Hon pc. nod 
covered the first 2 years after the househ' 
males were about the same for those le 
subsidies and (hose that stayed in theii c 
ently made a once-for-all change in t 1 
equilibrium position lather than giadu,., 
was not much affected by the allow.tm 
were not careful shoppers; alxnit onc-h. 
diturcs were “wasted” because thev p., 
sample of households, a minimum quality '.c,. 
lion of receiving the subsidy. I bis led some ol ;i. 

ing the standards, but they did not me tease overall bousing lonsuiupuc >u 
(measured by expenditures), and many other households did not select stan¬ 
dard housing and thus received no subsidy Another sample was olleied 
subsidies for meeting a minimum rent standatd, to see d it would setve as a 
proxy for quality; most subsidized households chose a unit that did not meet 
(he minimum quality stand,tiels. I he minimum lent standaid also induced 
overpayment by subsidy lecipients. 

As is apparent front this summary, the scope of the Ixioh is nai tower ill in 


\Jvurruil of Pttliiinti /■ c tmnwiv, *ol M2, no f*l 

© IUH4 l»v 1 lie I'mvcrMiv ol ( htc.t^n Ml n^his kh'iikI 
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its title implies. It does not discuss the sujjply response to vouchers, which was 
studied separately in the Supply Experiment component ol F.H Al’. Nor is it a 
(till report on the Demand Experiment; n omits the interesting and politically 
important issue of participation, for example. Even as an empirical study of 
the demand for housing by low-income households, it ignores the physic al 
dimension of housing. This means that it bypasses some fascinating issues. 
For instance, which housing characteiistics were valued by piogram adminis¬ 
trators but not by subsidy recipients? Conversely, which ones were valued by 
recipients and by the mat ket, but not by administrators? 1 he book will there¬ 
fore apjieal chiefly to economists who are estimating housing demand elas¬ 
ticities. I hev will find it a useful reference; the technical analysis is carefully 
done, and a number of methodological issues, such as selection biases in the 
samples, aie pursued in detail. Those wanting a broader evaluation of the 
housing allowance experiments will be better served bv any of three recent 
overview volumes (Bradbury and Downs 1981; Struck and Bendick 1981; 
Friedman and Weinberg 1983). 

But while Fiiedman and Weinberg could have considered more issues, 
what they have done in this book is ilsell im|>ortant and has attracted cjuile a 
bit of ptolessional attention. The central tendency of most recoil empiric<tl 
work is around 0 7 or slightly larger in absolute value for both puce and 
income. This figutc has been declining gradually—it is well below the consen¬ 
sus o! a decade ago—and there is some agreement that elasticities are lowei 
foi tenters and perhaps lor the poor. But even taking these modifications 
into account, Friedman and Weinbeig’s estimates aie at the low end of the 
clistithution. Their results also a|)|>eai to be at variance with the historical 
pattern of housing consumption changes. Foi example, between 1930 and 
1980 leal icnis fell bv 10—15 percent and real tenter incomes loughly 
doubled. Friedman and Weinberg’s elasticities imply that per household con¬ 
sumption should have ttsen by about a tjuaiter; in fact, it lose by two-thirds. 
Fhe actual changes are consistent with elasticities about double then esti¬ 
mates. A possible explanation is the changing demographic thai actei istics of 
renters; they aie increasingly single-parent families, individuals living alone, 
or the eldeily. However, Friedman and Weinberg also find that elasticities aie 
about the same for vaiious demogiaplut groups, leaving the inconsistenc y 
tin resolved. 

A number of economists have attempted to exjdaiu the differences be¬ 
tween these estimates and the bulk of the literature, without much success. 
Unfortunately, Friedman and Weinberg themselves do not address this sub¬ 
ject. I'hey merely teview the literature, emphasizing the lowest estimates in 
previous work, before presenting then own findings I hey thus minimize die 
differences without attempting to reconcile them 

One issue that has attracted attention is (fie time path of adjustment in 
response to a change in permanent income. I he Fi leclman-Weinberg analysis 
uses the first 2 years of die experimental data, whereas the limited empirical 
literatuie suggests that households take seveial years longer to adjust fully. 
I bus it may be that Fiiedman and Weinbeig are observing only the first jtart 
of an adjustment process, in which < ase it is very hard to estimate the long-i tin 
resjjonse. 

Fiiedman and Weinberg argue that the pecuniary and psychic costs of 
moving are so high that households try to make just one move to achieve then 
new equilibrium jjosilion rather than reaching it gradually over time. It is also 
true that most stock adjustment models have used aggregate data lather than 
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the behavior of individual households. Thus they believe that their estimates 
for movers are applicable to a housing allowance program. 

I bis view of the adjustment process does not seem consistent either with 
the actual data they teport or with observed market behavior. Out-of-pocket 
moving costs for KHAP recipients were just $54 on aveiage in Pittsburgh and 
an incredible $12 in Phoenix, wheie only 15 percent spent anything for a 
moving van or even a trailer; the rest used their own vehicle, borrowed one, 
or somehow moved without using any at all. Nonpecuniary seaich costs were 
surely higher; households spent 3 months looking in Pittsburgh and 1 month 
in Phoenix. But these data strongly suggest that moving costs were low. 
Confirming evidence comes from the Annual I lousing Survey, whit h tepoi ts 
that in the mid-1970s between 30 and 40 percent of .ill low-income renteis in 
the United States moved each year. 

The assumption of low moving costs does not automatically rule out Fried¬ 
man and Weinberg’s conclusion. It could be argued that moveis quickly 
achieved their new equilibrium because it was easy to do so, lor example; the 
long run may be rather short for low-income renters (at least in Phoenix). But 
it could also lie argued that movers do not feel compelled to reach equilib¬ 
rium on the first iry because they can easily move again m die near Inline 
And some ol the evidence has other implications. It moving t osls aie so low. il 
is surprising that moie allowance recipients did not move. 1 heii overall mo¬ 
bility rate was about the same as lor all low-income tenters, and it appeals that 
the allowance by itself may have induced some households to look for belter 
housing but lew to move. 

A 1 elated question is whether recipients legarded their allowance pavmerits 
as permanent income The experiment furl a 3-year time limit, alter that, 
households were automatically given pnontv status and help in quality ing lot 
subsidies under other programs. But, unless then unit met the qualm stan¬ 
dards ol the Section 8 F.xisuilg Housing Progiam. winch was not a lequne- 
ment fen subsidy in the cxpenment, dies would have bad to move 01 npgiacle 
their < urrent unit in order to continue ie< eiving subside. b would he inn i - 
esting 10 know what actually happened to tin ■> ' 
menl. If moving was inexpensive, mam - 1 
their original housing; if il was c-xpensi- 
a 3-year allowance may not lie indu,n 
subsidy. In die latter case’, a giadual 
valid than Friedman and Weinbcig cot, 
therefore represent more ol a shoii-i" 
do not describe the postexpeiiineni 1 s, 

The empirical results reported in dm 
of FIHAP and have iigiueil nnpoiiaiulv m |. 
serious political objections 10 a national allow.uni , 

be "too little" housing improvement unless laditi high minimum qu.cm. 
standards are imposed. I lie low elasiicilv estimates 111 both die Demand and 
Supply Experiments have supported this view Fiicdmao and Wonbeigs 
own policy recommendations, howevei, aie not tullv consistent with 11 1 bev 
initially argue that there is a serious ptohlem ol inadequate housing I 01 low- 
income renters 1 hen work indicates that a housing allowance will not genci - 
ate much impiovemenl. But, like most economists, tlu-v conclude that the 
housing allowance is superior 10 public housing or oilier consli etc lion 1110 - 
grams because of die inefficiencies inherent in 111 -kind Handers and the 
excessive cost of subsidi/ed production 1 hev do not suggest am pmgi.un lo 
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amelioiate the quality problem. Ibis seems to imply that they really do not 
think it is verv serious, after all. One wonders what set of elasticity est.mates 
would have led Friedman and Weinberg to make different policy recom¬ 
mendations. 

John C. Weilher 

American Enterprise Institute 
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The Ifirth of the British Motor Car, 1769-1897 Vol. 1, A New Machine, 1769— 
1842. Vol. 2, Revival and Defeat. 1842-93 Vol. 3, The East Battle, 1894-97. 
By I K. Nicholson. 

London: Macmillan Co. (distributed in the U S.A. by Humanities Press, Al- 
laniic Highlands, N.J.), 1982. I’p. 163 (vol. I); 165-333 (vol. 2), 335-506 
(vol. 3). $40.00 per volume. 


At first sight this book might appear to ((institute low-payoff reading for an 
economist. It deals with the early histoiy, indeed, i tally the prehisloiy, of the 
motorcar. The book’s three volumes do not even bring the reader into the 
twentieth century, and surely (fie motorcar is a twentieth-century phenome¬ 
non. Moreover, the author is dearly a car buff, with more than a score of 
books to Ins credit on such subjects as vintage cars, sports tars, and even an 
entire volume devoted to Car Badges of the World. An economist who plows 
through the three volumes will find much that is intellectually frustrating, 
tedious, and repetitious. Nicholson pays practically no attention to elemen¬ 
tary considerations of comparative cost and economic efficiency even in con¬ 
texts where such considerations were obviously critical to his story and to its 
panic ulai outcome. Nevertheless, economists who are interested in technical 
change and its political as well as economic determinants will find much that is 
of interest in these volumes. 

This book chronicles, in extensive and loving detail, the numerous techni¬ 
cal and commercial experiments in the application of steam to road transport. 
What rescues the book from puieand unabashed antiquarianism, however, is 
that it also pays a great deal of attention to the successive attempts of Parlia¬ 
ment and local authoiities to regulate tile operation of this new transport 
form. Some form of road vehicle, powered by a steam engine, obviously 
became at least technically feasible by atomic! 1830, at the same time that 
steam power was successfully adapted to the railroad. In fact, commercial 
steam carriages did make a brief appearance on British roads in the 1830s 
but, in addition to a number of other disabilities and restrictions, they en¬ 
countered highly discriminatory tolls and the superior peiformance of the 
railroads for long-distance traffic. 

1 he author discusses in great detail the attempt to deal with a new technol- 
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ogy—the horseless carriage—by forcing it to the procrustean bed of inappro¬ 
priate and sometimes totally irrelevant regulations, su<h as those devised lor 
the traction engines that hauled agricultural machinery around the country¬ 
side. Under these circumstances the new steam carriages, whith might even¬ 
tually have exploited the considerable advantage of greater speed, were not 
even allowed to match the speed of a horse. In fact, a combination of private 
interests succeeded in imposing crippling disabilities on the operation of the 
newly emerging technology that essentially guaranteed its inability to com¬ 
pete. The attempts to repress the new transport form in nineteenth-century 
Britain largely succeeded, although legislative and regulatory repression 
must have been powerfully assisted by competition from railroads for long¬ 
distance transputtation, hotsc-drawn trams in cities, and the technical limita¬ 
tions, special hazards, and unreliability of the steam carriage nsell file book 
carefully chronicles the imposing gauntlet that the steam-powered vehicles 
were forced to run. The hostility of the rival stagecoach owners, landowners 
and farmers, turnpike trusts, and, apparently, the solid phalanx of the legal 
profession was expressed in discriminatory tolls, multiple license fees, restric¬ 
tions on hours of operation and on access to certain urban areas, and speed 
limits of 4 and even 2 miles per hour. (The author, in Ins cone hiding chaplet, 
asks, “Why did the motor car . . take root alter 1K9<>" alter ns earlier 
failures? After recovering from tins singularly infelicitous metaphor, one is 
rather tempted to ask why more of them did not “take root" in eat her vears 
when they were confined to top speeds of 2 miles per lioui!) 

Of course, from our present vantage point we might lx - inclined to dismiss 
the pre-1900 history, delineated in tins book, as no more than an extended 
curiosum, consisting mainly of a nuinbci of British eccentrics tinkering with a 
steam technology that had serious, mheient limitations as a powei sotiue (or 
small road vehicles. This new form of road tiansport. one might aigue, was 
inevitably destined for only negligible success until the avail,ibihtv of a 
superior power source—the interna! combustion engine—that iuiallv estab¬ 
lished itself in the opening years of the twentieth centuiv I be appinpitaic 
response to this position would lx* the w 1 urn" • 
might give us some better sense of 1 1, 
political environment less hostile than 1 
fortunately, Nicholson offers no real gi. 
such a counter!.tctual world 

Certainly many conlemporaiics thou 
much greater success in a less hostile 11 
people," the French car manufac turei. 1 
correspondent in 1893, “but your laves uu 1 , 

Tangye, a distinguished Cornish machmeiv m mm ■ ■ ■.. 

“But for the action of a bovine Pailiament, the m.imil.ictuie ul mown t.us 
would have taken root in F.ngland 40 years ago, the Icneign nations would 
have been customers instead of pioneers billowed bv ouiselves" ip. 237) 
These last two opinions were not exactly chsmteiestcd 01 ns Nevettbelcss, 
they raise important questions. The author lias piovided much evidence ol 
governmentaily imposed ohstiuclioiiism. Whellici. in the absence of such 
policies, steam carriages would have progressed much more i.iptdlv is l.u 
from clear. The book provides a valuable compendium ol the n.itme and the 
sources of support for governmental obstructionism, but without equipping 
the reader with a real capacity for assessing its economic impact 

N VI H VN Rosimorc. 

Stanford University 
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The Evolution of the Labor Market 
for Medical Interns and Residents: 
A Case Study in Game Theory 


Alvin E. Roth 

Untverstty oj Pittsburgh 


The organization of the labor maiket foi inetlic.il interns anti lesi- 
tlrnts underwent a number of changes beloie taking its present 
form in 1951. I'lie letord of these changes and the problems that 
prompted them provides an unusual opportunity to studs the lotrcs 
at work m markets ol this kind. 1 he present paper begins with a 
brief history and then piesents a game-theoielic analssis to explain 
the orderly operation and longevity ol the ttnient market, in (ou¬ 
tlast to the turmoil that that ac tcri/ed sanous eailiei shoit-lised at¬ 
tempts to otgani/e the market. An analssis is also gisen ol some 
contemporary pioblems facing the maiket A subsidi.us theme ol 
the paper concerns the htstois of ideas, the pioblems eiHounteied 
m the organization of this market, and some ol ihe solutions ai i is t d 
at, anticipated the discussion of such issue- 
nomirs and game theory 


I. Introduction 

This paper concerns the labor m.iu 
dents and how it hasesolsed Iroin the . . 
present time. The paper svill discuss hi te lls . 

I have piohlrd bom comeisaiions ami «oi lespomlent e on ibis lopn toll) Datnl 
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institutional procedures by which this market has been implemented 
and present a formal theoretical analysis of what these procedures 
accomplished and the problems they encountered. 

From the turn of the century until 1945, the market suf fered from 
a Prisoner’s Dilemma problem in which competition by hospitals for 
interns manifested itself in a race to sign employment contracts ear¬ 
lier and earlier in a medical student’s career. This problem was suc¬ 
cessfully resolved in 1945, but the market then suffered for several 
years from a “recontracting problem," in which the market's failure to 
implement an outcome in the core made it difficult for the market to 
clear. This recontracting problem was closely related to an “incentive 
problem” that put a premium on strategic behavior by market partici¬ 
pants, which manifested itself most clearly when a centralized market 
mechanism was introduced in 1950. All of these problems were ap¬ 
parently resolved, at least in large part, by the adoption of a different 
centralized market mechanism in 1951, which remains in use to this 
day. 

It will be shown that this mechanism implements an outcome in the 
core of the market, and some of its other properties will be studied. 
Some modern problems this market mechanism has encountered and 
the theoretical issues they raise will also be considered. One of the 
most interesting of these concerns the transformation of the market 
into one containing dual-career households, as increasing numbers of 
medical school graduates are married to one another and need to be 
employed in neat by locations. It will be shown that no core outcomes 
need exist in such markets. 

A subsidiary theme explored in this paper concerns the history of 
ideas. It will be noted that the practical problems encountered by the 
medical profession in the organization of this labor market, and some 
of the solutions proposed, anticipate by a number of years the disc us¬ 
sion of similar issues in the liteiature of economics and game theory. 

Section II briefly discusses the history of the market, and Section 
III presents an analysis. Section IV analyzes some current problems 
faring the market. All proofs are presented in Sections V and VI, and 
Section VII concludes. 

II. Some Institutional History 

The internship was first introduced around the turn of the century as 
an optional form of postgraduate medical education. For students, 
internships offered a concentrated exposure to clinical medicine, and 
for hospitals they offered a supply of relatively cheap labor. The 
number of positions offered for interns was, from the beginning, 
greater than the number of graduating medical students applying for 
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such positions, 1 and there was considerable competition among hospi¬ 
tals for interns. 

One form in which this competition manifested itself was that hos¬ 
pitals attempted to set the date at which they would finalize binding 
agreements with interns a little earlier than their principal competi¬ 
tors. As a result, the date by which most internships had been 
finalized began to creep forward from the end of the senior year of 
medical school. This was regarded as costly and inefficient both by the 
hospitals, who had to appoint interns without knowing their final 
grades or class standings, and by the students and medical schools, 
who found that much of the senior year was disrupted by the process 
of seeking desirable appointments. Many resolutions were passed and 
much moral suasion was applied in efforts to remedy this state of 
affairs. A good idea of the situation in 192(> is conveyed in a letter to 
the Association of American Medical Colleges (Darrach 1927), the 
body of which is quoted in full: 

For a number of years attempts have been made to defer 
the appointment of hospital internes until towards the close 
of the fourth year. The Association of American Medical 
Colleges, the Council on Medical Education of the American 
Medical Association, and the American Hospital Association 
have all passed resolutions favoring this idea. The difficulty 
has been in persuading someone to take the lead. 

This is to inform you that it has been decided to defer the 
appointments of internes at the I’rrsbv terian Hospital in the 
City of New York until some "• 

It is earnestly hoped tin' 
be able to act in a similar n 

The advancement of the date of ap 
less reversed, by these appeals and n 
an article devoted to the problem. 

Darrach's letter and added that 'Tot sum> 
byterian Hospital soon abandoned its stand i. , 

results of a survey indicating that, in 1939, the bulk ot into n appoint¬ 
ments would be made duting the Christmas holidays of the senior 
year, and many would be made earlier. He proposed that the problem 
could be solved if medical schools in the Association of American 
Medical Colleges (AAMC) would undertake not to give out before 


1 The number of positions offered for hrst-sear medical graduates exceeded the 
number of eligible applicants until the mid-1970s, at which time the total ot l S 
medical school graduates plus foreign graduates exceeded the numbei of liist-\eai 
positions However, the numl>er of positions nffried continues to exceed the number 
of U.S. medical school graduates (see (uaettingei 1976) 
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some agreed date any information to hospitals regarding students’ 
abilities. This suggestion was not adopted, however. 

The advancement of the date of appointment continued at an ac¬ 
celerating pace, and in an address to the AAMG on the problem in 
1944, Turner (1945, p. 27) reported that the standard appointment 
date “has now been advanced on the school calendar to the beginning 
of the junior year and, indeed, inquiries now come to me even from 
sophomores" (emphasis added). Thus in 1944 the date of appoint¬ 
ment had advanced to 2 full years before the internship was actually 
to begin. 

Turner proposed a number of steps to remedy this increasingly 
intolerable state of affairs. Most important, he again proposed that no 
information about medical students should be released by medical 
schools before some fixed date to be agreed upon. This proposal was 
adopted by the AAMG in consultation with the various hospital asso¬ 
ciations, and it was decided that neither scholastic transcripts nor 
letters of reference would be released prior to the end of the junior 
year for students seeking internships commencing in 1946. 

This proved to be an effective remedy lor the problem it was in¬ 
tended to solve. Appointments for 1946 internships were latgely 
made in the summer of 1945, and in subsequent years the dates at 
which information was released by medical schools was moved later 
into the senior year, and the date at which appointments were made 
followed in step. However, a new problem appeared and manifested 
itself in the waiting period between the time offers of internships 
were first made and the time students were required to accept them. 

The problem was that a student who was offered an internship at, 
say, his third-choice hospital, and who was informed he was an alter¬ 
nate (i.e., on a waiting list) at his second-choice hospital, would be 
inclined to wait as long as possible before accepting the position he 
had been offered, in the hope of eventually being offered a prefera¬ 
ble position. Students who were pressured into accepting of fers be¬ 
fore their alternate status was resolved were unhappy it they were 
ultimately offered a preferable position, and hospitals whose candi¬ 
dates waited until the last minute to reject them were unhappy if their 
preferred alternate candidates had in the meantime already accepted 
positions. Hospitals were unhappier still when a candidate who had 
indicated acceptance subsequently failed to fulfil his commitment af¬ 
ter receiving a preferable offer. In response to pressure originating 
chiefly front the hospitals, a series of small procedural adjustments 
were made in the years 1945—51. The nature of these adjustments, 
described next, makes clear how these problems were perceived by 
the parties involved. 

For 1945, it was resolved that hospitals should allow students 10 
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days after an offer had been made to consider whether to accept or 
reject it. 2 For 1946 , J it was resolved that there should he a uniform 
appointment date (July 1) on which offers should be tendered (tran¬ 
scripts having been released on June I) and lhai acceptance or rejec¬ 
tion should not be required before July 8.' By 1949, the AAMC 
proposed (“Uniform Intern Placement Plan” 1949) that appoint¬ 
ments should be made by telegram at 12:01 a.m., November 15, with 
applicants not required to accept or reject them until 12:00 noon the 
same day. Even this 12-hour waiting period was rejected by the Amer¬ 
ican Hospital Association (AHA) as too long: the joint resolution 
(“Appointment of luteins” 1949) finally agreed on contained the 
phrase “no specified waiting period alter 12.01 a.m. is obligatory" and 
specifically noted that telegrams could be filed in advance for delivery 
precisely at 12:01 a.m. In 1950, the resolution again included a 12- 
hour period for consideration, with the specific injunction that “hos¬ 
pitals and/or students shall not follow telegrams of offers of appoint¬ 
ment with telephone calls” until the end of this period.’ 

By this lime it was widely recognized both that there were serious 
problems in the last stage of the matching process and that these 
problems could not adequately be resolved by compressing this last 
stage into a shorter and shorter time period. In order to avoid these 
problems and the costs they imposed, it was proposed, and ultimateh 
agreed, that a mote centralized matching procedure should be tried 
(Mullin 1950; Mullin and Slalnaker 1951). Under this procedure, 
students and hospitals would continue to make contact and exchange 
information as before.'* (It is worth noting m this re; ml that the 
complete job description offered !>\ • 1 
year was customarily specified in ad 
I bus the responsibilities, salary, on 


* Unless otherwise slated, the icsnlutmns •' 

AAMC and the Ameiuan Hospital Assou.> 
legally binding on the member hospitals t 

see “Agreement on Internship Placement ' 1 1'Jl >, 

* See “Repori ot the Committee on Internships ( I *»♦»» 

lution il is noted that “while not observed complete l\ bv a leu m<dn tl m1ih"In i 
hospitals, {it | had been followed In most ot the institutions in the tounliv and had 
resulted in a very great ad\atue in bunging order out ot a < bantu situation ” 

’“It was repotted bv a iepresenlative ot the* Aniciu.ui Hospital Association that 
violations by hospitals was as high .is ‘2"> penent, neveitheless the \mett<an Hospital 
Association wants the system to he miiiumcd ‘ ( Intel nships” l ( M7. p ltd 

5 “Moditicat ions ot Cooperative Plan lot Appointment ot luteins ' Note that 

the injunction against telephone calls was two wax. in older to stem a Hood ot < alls Imth 
from hospitals seeking to pressuie students into an immediate de« lsion and Imm stu¬ 
dents seeking to convert then alternate status into a turn olfei 

‘*1 hat is. the application and intei viewing pun ess would letn.un uiu hanged ( \t tins 
time Mullin [1950] states there were about 9.300 internships being ottered, to about 
6,000 medical school graduates.) 
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ship, while they might be adjusted from year to year in response to a 
hospital’s experience in the previous year’s market, were not a subject 
of negotiation with individual candidates.) Students would then rank 
in order of preference the hospital programs to which they had ap¬ 
plied, hospitals would similarly rank their applicants, and all parties 
would submit these rankings to a central bureau, which would use this 
information to arrange a matching of students to hospitals and in¬ 
form the parties of the result. 7 A specific algorithm was proposed to 
produce a matching from the submitted rankings, and this will be 
discussed in the next section. 

It was agreed to try the proposed procedure in a trial run for the 
1950-51 market, which would not be used actually to match students 
and hospitals in that year. Instead, participants were asked to submit 
rankings as if they would be used for determining the final matching, 
and the plan would be evaluated for actual use after the trial run had 
occurred. On the basis of the trial run, the relevant medical associa¬ 
tions agreed to adopt the procedure for the 1951-52 market. The 
procedure was to be voluntary: students and hospitals were both free 
either to participate in the process or to seek internship appointments 
on their own. 

After the procedure was announced but before it was imple¬ 
mented, objections by student representatives were raised to the al¬ 
gorithm used to produce a matching from the rankings submitted. 
Specifically, they observed that this algorithm made it a matter of 
great importance how adroitly a student composed his rank-order 
list. A student might suffer if he took a “flyer” and gave high rank to 
hospitals he preferred but had little chance of being matched with 
(“ The Internship Matching Plan” 1952). That is, it was noted that a 
student who submitted a rank order of hospitals corresponding to his 
true preferences might receive a less preferable match than if he had 
submitted a different rank order. In response to these objections, a 
new algorithm was substituted for the old in the 1951-52 matching 
plan (Mullin and Stalnaker 1952). This substitution was judged to be 
of sufficiently small import that its details were not widely dis¬ 
seminated, the announcements concerning the plan having already 
been distributed before the substitution was made. 

In what follows, the initial algorithm will be called the “trial-run 


7 Under the procedure being discussed here, hospitals actually ranked studenis in 
groups, lather than m a .strict rank outer, although in the procedure discussed next, 
hospitals as well as students submitted striit rank orders. Surveys of medical students 
(see, e g , Rulkow and Glasgow 1978) suggest that the most important factors detetmin¬ 
ing student preferences over hospital programs have to do with their reputation as 
educational programs, less importance being assigned to factors sueh as on-call sched¬ 
ule, patient population, and salary. 
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algorithm,” and the algorithm that replaced it will be called the 
“NIMP algorithm,” for National Intern Matching Program, the name 
adopted for this plan in 1953. The matching plan using the NIMP 
algorithm remains in use to this day, although the market that it 
serves has undergone considerable change in the intervening years. 8 
This longevity and the very high levels of (voluntary) participation the 
system has attracted are particularly surprising in view of the turmoil 
in this market in the years immediately prior to the establishment of 
the NIMP. 9 Much of the theoretical analysis in the following section is 
intended to shed light on the causes of this success. 

III. Theoretical Analysis 

The reasons for continually advancing the dale at which interns were 
appointed before 1945 are well understood, and little need be said 
about them here. Although hospitals all preferred as late an appoint¬ 
ment date as possible, each preferred to appoint its interns earlier 
than its competitors: the situation is well modeled as a multiple-agent 
Prisoner’s Dilemma. However, the negative externality produced by 
this competitive behavior on the part of hospitals was also experi¬ 
enced by the medical schools, which had no corresponding incentive 
to advance the appointment date. Consequently, once medical sc hools 
collectively imposed a date before which thev would not release the 
information about students needed to make appointments, a new 
equilibrium was created at which there was no tendenc \ tor the date 
to advance. 19 


" In 1968 the National Intern Matching I 
Intern and Resident Matching Program (N. 

Resident Matching Program (NR.MP). to 
graduate medical naming. 

,J In the first years, over 95 petcent *>1 < it 
the system (cf Mullin and Slain.iker 1952 I t 
until die early 1970s (see l.hcclcer 197ft. attci .. 
reasons that will be discussed later 

11 l he importance of the medical sc hools’ acting collective lv in Oils icg.nd u.o t i.. 
phasized in Curran (1915, p 57) as follows "While the F set nine C nunc it has .die.ids 
recommended that no lclleis of recommendation suppoiimg internship applications 
should go out unlil after the end ot the |tinior veai. lti I ui net "s insistence that this he 
agreed on by all the medical schools is woilhv ol emphasis Its importance m.iv lx' 
illustrated by a situation created one i ear ago among the si hools m New 5 oi lc Citv be 
such an agreement on a Icxal basis It was iheu cbscmeied dial in two neighboring tmes 
all internship vacancies were being filled bv students hetoie lhe end ot the third veal 
As a result, the New York schools were forced to ahiogate liastih their rule against 
sending out earlier infoimation.” 
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A. Stability 

To analyze the market after 1945, it will be helpful to consider it as a 

game whose players are a set H = {A ../t ro } of hospital programs 

offering positions to first-year graduates, and a set i' = {a i, - - -, «„} of 
graduating students. Kach hospital program h, has some number q , of 
identical first-year positions it is seeking to fill, and each student is 
seeking one position." The rules of the game are that any student 
may fill any position if and only if both the student and the hospital 
agtee, that is, if and only if the position is preferred by the hospital 
and accepted by the student. Kach student has preferences over all 
the hospital programs he is willing to accept, and each hospital pro- 
gtatti similarly has preferences over all the students it is willing to 
accept. ia An agent who is not indifferent between any two acceptable 
alternatives (so that his preferences constitute a rank ordering) will be 
said to have strict preferences. An outcome of the game is an assign¬ 
ment of students to hospital programs, with no more than q, students 
being assigned to any program h,. A given outcome v is called unstable 
if some student or hospital receives an unacceptable assignment or it 
there exists a hospital program //, and student s, who each prefer the 
other to their assignment at x. 

Fotmally, for each hospital program b„ let denote that h, 

prefers student y, to student s*, let s / l(h,)\ i denote that It, is indifferent 
between the two, let denote that It, prefers filling a position 

with student y to leaving it unfilled, and let uP(h,) y denote the re¬ 
verse. Then each It, has preferences defined over its set (s / E 
S\sjl } (h,)n} of acceptable students. Similarly, each student .y has pref¬ 
erences defined over his set {It, E //|/c,F’(v ; )«} of acceptable hospital 
programs. 11 An outcome is represented by a tunc lion x: S —> II U {i/}, 
with |{.s,|x,(v,) — h,}\ i /,. 1 1 For any s, in S, .v(> ; ) = It, denotes that is 


11 A hospit.il typically offers a number of chlfeient kinds of positions, bin these 
are separated into diffcient ptogianis, cadi ad mi msteted separately. 

12 Students may teguid some hospital piogianisas unacceptable and hospitals mav so 
regard some students, in the* sense that it would he prefeiabJc ir> defer taking or 
offering wry appointment i.idler than one that is unacceptable. for example, students 
and hospitals who have not exchanged the necessary preliminary infotmation (eg, 
transcripts and inlet views) may be expected to regard one another as unai cepiablc (at 
least for the time being) Since interviews «uc tune consuming, students lace a problem 
in deciding what hospitals to apply to, and hospitals face a similar piohtcm m deciding 
whom to invite lor interviews, hut these problems will not be addiessed here. 

* VVc will not need to be concerned over what an agent’s piefcieiu.es may be nvet 
those alternatives that ate unacceptable Howevci, the foimal desciipnon of the game 
given heie is incomplete in another respect as well, since the preferences of hospitals 
for groups of students have not been spec died (see Roth I9H4A) I he description given 
here will neveithelcss be complete enough for the purposes of tins paper. 

4 For any set 7 , |7*| denotes the number of elements m 7 , so. e g.. |{v,|x(v,) = h<}\ tile 
numix*r of students employed by h, at the outcome x 
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assigned a position in hospital program h„ and x(j ; ) = u denotes that 
is unassigned. For any h, in // letx(A,) = {s, in S|.v(s / ) = h,} be the set of 
students assigned to h„ it being understood [hat if |x(/i,)| < q, then q, — 
|x(/i,)| positions are unfilled in program h,. An outcome x is unstable if 
for some student uP(Sj)x(ij)\ or if for some hospital program h„ 
uPlhJs, for some s, in x(/t,); or if there exists a hospital program h, arid 
students, such that both (i) /t,/ J (s ; )x(« ; ) and (ii) i ; P(/i,)tr for a in x(/i,) if 
|x(/i,)| = tft or o’ in x(h,) U {i/} if \x(h,)\ < q,. 

Thus an outcome is unstable if it gives some student or hospital 
program an unacceptable (not individually rational) assignment or if 
there exists a student v ; and hospital program h, such that (i) s. prefers 
/(, to the hospital x(s f ) and (ii) ft, prefers to the incumbent in one of its 
q, available positions. When no confusion will result, a hospital pro¬ 
gram will henceforth sometimes be referred to simply as a hospital. 

An outcome that is not unstable in this sense is called stable, and it is 
straightforward to verify that the set of stable outcomes is the core 
defined by weak domination of this game. 1 '’ Denote the set of stable 
outcomes by f.'(P), where P is the (m + «)-tuple of agent preferences: 

that is, P = [ P( Ai), . . . , P(/t,„), P(s,).P(v„)|. I he vec tor P will 

sometimes be called the preference profile. 

Consider now a «et of job offers f rom hospitals to (acceptable) stu¬ 
dents, which, if the students each accept the best of the offers thev 
have received (including the possibility of remaining unmatched), 
would result in an unstable outcome x. I he lact that v is unstable 
means that there is a hospital h, and a student v, who would both 
prefer to x another outcome at which v, was emploved b\ h,. So these 

two agents have an incentive to irv to lot ate < 1 11 ."n..|n 

expect to witness the kind of lao 
intern market prior to 1951. Look' 
might expect that anv voluntaiv 
would experience similar turmoil i> 

Since the NIMP is a voluntaiv s 
degree of orderly participation l. 


1 ’ Fiji maikcts with suit- pav incuts. iIr mu dc:. 
with the core defined bv strong (lonim.nuni. .liKliiiilioii.iikuMiMiuiinii .v. , 

1 lor each hospital h,, the two cores also t onunle 1 lowc ver in tin' mote genet.il < ,tse 
coil side ted licte, (he cote defined l>v weak domination is contained m the cole dt lined 
by strong domination See Roth and Posilewaite t I'.t77t toi a telated disuisston Foi oni 
putposes, the distinction will not lie consei|iiential. and the set of stable outcomes will 
henceforth be referred to simplv as die one. and stable outcomes will also be called 
core outcomes. I lowerer. thete ate chi leremc s between the spec ial case wlien all c/ - 1 
and the general case considered lteie that beai on ibis distinction (sec Kolb 198-IJu 
lf * A system that produces unstable outcomes goes ai least some agents die met nnve 
to go outside Lite svstem to hncl one anuthci and .mange then emplovment Onl\ m a 
system where participation is voluntaiv. however can we e\|>ett lo obseive agents 
acting on these incentives. 
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conjecture that it produces stable outcomes, that is, outcomes in the 
core of the market. The following theorem, which will be proved in 
Section V, supports this conjecture. 

Theorem 1: Let P be the vector of preferences (the rank-order lists) 
submitted by the students and hospitals. Then the NIMP algorithm 
produces an outcome in C( P). 

When we consider in Section II IB the incentives agents have to 
state their true preferences, we will examine from another viewpoint 
the question whether a stable outcome is achieved under the current 
organization of the market. First, however, we consider some results 
that concern the fact that different outcomes in the core differentially 
favor the two sides of the market. Specifically, theorem 2 states that, 
in a certain strong sense, the outcome produced by the NIMP al¬ 
gorithm is the best core outcome for all the hospitals and the worst for 
all the students. The following definitions will be used in stating the 
theorem. 

For a given preference profile P, a student Sj and a hospital h, will be 
called achievable for one another if there is some stable outcome at 
which Sj is employed by h„ that is, if there is an outcome x in C( P) such 
thatx(^) = h r For each /(,, let p, be the number of achievable students; 
that is, p, = is possible for /i,}|, and define k, by k, = min{< 7 „ p,}. 
Thus k, equals the minimum of the number of positions offered by h, 
or the number of different students who could fill those positions at 
some stable outcome. 

Theorem 2: Let P be the preference profile (i.e., the rank-order 
lists) submitted by the students and hospitals. Then the outcome pro¬ 
duced by the NIMP algorithm has the property that each hospital h, is 
assigned its k, highest ranked achievable students, and each student 
is assigned his lowest ranked achievable alternative. 17 

Note that not only is there no trade-off between hospitals—they all 
simultaneously receive their best achievable students—but within a 
hospital there need be no trade-off between achievable students. The 
theorem implies, for example, that if a hospital h, with two positions 
(<?, = 2) employs its first- and third-ranked student at one stable 
outcome and its second- and fourth-ranked student at another stable 
outcome, then at the outcome produced by the NIMP algorithm it is 
assigned its first- and second-ranked student. The theorem is proved 
in Section V. 

Note that theorems 1 and 2 can both be stated as existence results. 
Theorem 1 states that the core of the market is nonempty, and 
theorem 2 states that (when the preference profile consists of rank 

17 For a student (or hospital) who is unmatched at some stable outcome, being un¬ 
matched will be the lowest-ranked achievable alternative. 
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orderings—i.e., strict preferences) there is a core outcome that is best 
for all the hospitals and worst lor all the students. These existence 
results were first stated by Gale and Shapley (I9b2), who were un¬ 
aware of the N1MP procedure, which had then been in operation for 
10 years. 18 In order to prove these existence results, they developed 
an algorithm that is considerably simpler than the N'IMP algoiithm 
but turns out to be equivalent; that is, for a given preference profile of 
strict preferences, the two algorithms produce the same stable out¬ 
come. 19 These existence results have recently been shown to hold in 
considerably more genera) kinds of labor markets (see Kelso and 
Crawford 1982; Roth 1984a, 1984c/). 

A corollary of the proof of theorem 2 is that there exists a stable 
outcome that is optimal for students in the same sense that (he out¬ 
come described in theorem 2 is optimal for hospitals. That is, we can 
state the following; 

Corollary 2.1: For any profile P of strict preferences, there exists 
a stable outcome with the property that each student t ; is assigned his 
highest-ranked achievable alternative. 

B. Inceyitives 

Let us now consider the incentives faced bv agents when a centralized 
market mechanism is employed that requites us input agents' stated 
preferences over potential assignments. The adoption of am such 
mechanism creates a new game among the agents, who must dec ide 
what preferences to state. This point can perhaps be made most 
clearly by briefly considering the trial-run algorithm dial was dis¬ 
carded in favor of the NIMP algoiithm ><■ 
lems it was observed to cause. 

Under the trial-run procedute 
students submitted a rank ordeim 
applied, and hospitals submitted a , 
five groups. The hospital gave a i.. 
students, equal in size to the numbi 

As a historical note, 1 am indebted to Dasid Galt o i , 
aware of the labor market lor nctei ns til 1 97b. when he w as told ■ it it In a |>ln -it i.m >i ■' 
heard him speak on the “mamage pioblein At iliac lime, lie mui a tops u! ('.ale .end 
Shapley (1902) to an .idmimMiator ol the NIMI’. which ■.tents to have been the Icim 
time that anyone assoclated with the ptogiam la-tame await ol the name tinmctic 
formulation of the problem and the results enneet nmg optimal min nines in the cm e 

1<J Gale and Shapley (1962) assumed that all agents had sn it t pieteiernes 1 he \ IVI I’ 
algorithm, since it requires ns input to be lank nick-migs. leqtiue- all agents to stale 
llteir prefetences as if they wete Mud — tc , no ntdilteu-nces can be expiessed 
Theorem 1 and the existence ol stable outcomes ate unchanged when agents ace 
indifferent between some alternatives, ben we will see in Sec l\ that theorem 2 Ite- 
coines an artifact. 
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larly ii gave a rank of 2 to an equal-size group of .second-choice stu¬ 
dents, ranked less desirable students 3 and 4, and ranked unaccept¬ 
able students 5. 1 lie matching algorithm proceeded in stages, or runs. 
At the first of these, called the I : 1 stage, students and hospitals were 
matched if they had each given the other a rank of 1. The next stage 
was a 1:2 stage, where remaining students and hospitals were 
matched if ttie student had ranked the hospital 1 and the hospital 
tanked the student 2. Then followed a 2: 1 stage, a 2:2 stage, a 1:3 
stage, and so forth. 

The difficulty observed by the student representatives after the trial 
run was that a student who did not match with his first-choice hospital 
might find that, say, his second-choice hospital had no places left by 
the time the 2: 1 stage rolled around, so that even if his second choice 
had ranked him a 1, lie might end up assigned to a lower-choice 
hospital. In this case, the student would have done belter to have 
submitted a different rank ordering. The following example, in 
which there are three students and three hospitals, each offering one 
position, will make this completely clear. The rank orderings given in 
table 1 correspond to the tine preferences of the agents. 

If the agents all submit their tine rank orderings, the trial-run 
algorithm finds no matches at the 1:1 stage, and at the 1 :2 stage it 
matches w with h-> and with h ( , so that ij is ultimately matched with 
h\, his third choice.' 0 However, il had ranked his second choice h> 
first, he would have been matched with it (at the 1 : l stage). So t) has 
an incentive to misrepresent his preferences strategically when sub¬ 
mitting his tank order.' 1 

Note ill,il ibis mm oroc is not .stable Willi lespeu n > ihe pidcmii es i>t I lie playt'is 
as given in table I, there arc exactly two stable ouutimes, .it hot hot which \| is matched 
with lb>. So the hospital-optimal stable outcome x is given by a(\|) - //•_*, *(s 2 ) - // j, \(s) 
= h\, which gives eveiy hospital its first-eh nice student. Ihe student-optima) stable 
outcome v is given by y(.*i) = h^, y(s v ) - y(.'d ~ Aj, which gices hospitals A, and h \ 

their second-c hoite student 

21 A very snnilai matching procedure, which exhibits precisely the same incentive 
ptohlem, is cuirenlly employed by the Fulbnght Senior Scholais Awards Program, 
which matches Aineiitan scholars with foreign universities (see (Council (or Interna¬ 
tional Exchange of Scholars 1984). 1 am indebted to Gene Giuver for pointing this out 
to me. 
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market for medical interns 

The NIMF algorithm was introduced with the claim that it solved 
this problem (see Mullin and Stalnaker 1952; (iraettinger and Peran- 
son 1981). Under the NIMP procedure, both students and hospitals 
submitted rank orderings. It was essentially claimed that the NIMP 
algorithm made it a dominant strategy for every agent to state his true 
preferences; that is, each agent could do no bettei than to submit a 
rank ordering corresponding to his true preferences,no matter 
what preferences were submitted by other agents. The following re¬ 
sults demonstrate that this claim is not quite correct, but that the 
NIMP algorithm comes as close in a certain sense to fulfilling this 
claim as is possible for a procedure that produces a stable outcome. 

Theorems 3—7 will be stated here without proofs, which can be 
found in Roth (1982c;) (theorems 3-6) and Roth (1984/>, 1984c) 
(theorem 7). The first of these results is an impossibility theorem for 
all stable matching procedures, which are dehned to be functions 
from preference profiles P to stable outcomes ,\(P) in C'(P). 

Theorem 3; No stable matching procedure exists for which it is a 
dominant strategy for all agents to state their true preferences. 

Since the NIMP is a stable matching procedure, this theorem im¬ 
plies that there are circumstances in which it gives some agents the 
incentive to submit a rank ordering different from their true prefer¬ 
ences. Specifically, the proof of this theorem in Roth (1982c;) implies 
that it is not a dominant strategy for students participating in the 
NIMP to state their tiue preferences. However, the following results 
show that the NIMP procedure oflets some relief from the incentive 
problems present in the ttial-run algotithm that it replaced - M 

Theorem 4: The NIMP procedure gn< .. uvemnc 

to misrepresent his true first chor 
In particular, any student who 
element differs from bis true In 
well by submitting an otheiwise ■ 
element is his true first choice I 1 
that the NIMP procedure conti.i- 
algorithm. 


““ Let P* !>c some agent’s ti lie pi etci enc e m del mi;, and let P b« the i.iiikunit 111.4 1 
submits, wIik h is netessai ilv a Mrut 01 dcnii£ H ihe it uc pitteic 11 c 1 s P* au alv '•uk' 
then P corresponds to P* it and onlv it P = P* It die uue picleteiuts P‘ ,iu not sum 
then P (.01 responds to P* it and onlv it the tat t dial one alu main e in sti u th piet< 1 1 rd 
to .mother under P* implies it is stiud\ prefer red under P (Vul P* < \pu sse\ indil t< 1 
cnce between two alter natives, either tnav he ranked higher under P corresponding to 
P* ) 

In Roth (1982rt. 198 1 /j), theorems A, a, and 7 weie slated 111 lenns o| a M.ihle 
matching procedure that alwavs vieleiccl die opmn.il stable ouUorne toi a ijiumi side <>f 
the market From 1 he point nt view ot incentives, am two sue it procedures are ecpuva 
lent. Here, therefore, the theorems can be slated in terms <>( the NIMP procedure, 
which by theorems 1 and 2 vields 1 he* hospital-optimal stable outcome 
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Since students are eacli assigned to only one hospital, the model 
presented here is adequate for discussing their incentives, since their 
preferences are defined over hospitals and their strategies involve 
rank orderings of hospitals. However, in order to discuss adequately 
the incentives facing hospitals that have more than one position to fill, 
it would be necessary to specify their preferences over groups of 
students. A complete description of the general case would take us 
well beyond the scope of this paper. But for the simple case of hospi¬ 
tals with only one position to fill ( q, = 1), the model discussed here is 
complete enough to allow us to state the following. 

Theorem 5: The NIMP procedure makes it a dominant strategy for 
all hospitals with one position to state their true preferences. 

The NIMP procedure thus avoids some of the simple opportunities 
for misrepresentation offered by the trial-run algorithm. No student 
can profit from misrepresenting his first choice, and in the simple case 
in which hospitals have only a single position to offer, it is a dominant 
strategy for hospitals to state their true preferences . 21 The following 
result shows that, in a certain sense, the NIMP procedure does as well 
as possible in this regard; no stable procedure exists that does all this 
and that also never makes it profitable for a student to misrepresent 
his second choice (even in the simple case in which hospitals have only 
single positions). 

Theorem b: No stable matching procedure exists for which it is 
a dominant stiategy for all agents to state their true klh choice, tor 

k 7* l. 

In view of the fact that the NIMP procedure tloes not make it a 
dominant strategy for students to state their true preferences, we 
must now reconsider what reason there is to believe that the NIMP 
procedure in pi act ice yields a stable outcome (in terms of the true 
preferences of the agents). That is, theorem 1 states that, for any 
preference profile P of submitted rank-order lists, the NIMP proce¬ 
dure yields an outcome in t.'(P), that is, a stable outcome with respect 
to the s Idled preferences. But since some students may have an incen¬ 
tive to misrepresent their preferences, the stated preferences P may 
not coincide with the true preferences P*. What reason, then, do w r e 
have to believe that the outcome produced will be stable with respect 
to the true preferences? To put it another way, how can we explain 
the empirical fact that the NIMP procedure has produced an orderly 

21 Thcoi ein 5 is included here to help illustrate the manner in which the NIMP 
procedure comes close to achieving its desired aim of giving neither students nor 
hospitals any incentive to misrepresent their preferences However, it is shown in Roth 
(1984/)) that the NIMH procedure does not in general make n a dominant strategy lor 
hospital programs having more than one position to state their true preferences, and 
that in fact no stable matching procedure exists that has this property for such hospi¬ 
tal programs. 
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market since 1951, in contrast to the turmoil associated with the insta¬ 
bility characterislic of the earliei forms of market organization it re¬ 
placed? 

Two kinds of answers can be given to this, depending on how mui h 
information the agents possess. First, if agents have little information 
about the preferences of other agents, they will not in general be able 
to determine an “optimal” misrepresentation. Together with the fact 
that the literature distributed to students and hospitals with the forms 
for their rank-order lists continues to claim that it is optimal to submit 
true preferences, this may persuade them to submit their true prefer¬ 
ences. If so, the resulting outcome would be stable. 

However, there is at least anecdotal evidence that many students 
are not persuaded that it is optimal to submit their true preferences, 
and there is substantial information available to them about the his¬ 
torical preferences of hospitals and students (e.g . which hospitals are 
prestigious, and what kind of medical-school records their interns 
must typically have to gel an appointment). We must therefore con¬ 
sider whether it is consistent to expect that a stable outcome will result 
from the NIMP procedure when agents are rational and well in¬ 
formed, that is, when stated prefetences can be expected to differ 
from true preferences. The traditional formulation in game theoiv of 
how such agents behave is that their staled prefetences (i e., stiategv 
choices) will constitute a Nash equilibrium, so that each agent's slated 
preference gets him the best match obtainable ‘men the stated piet- 
erences of the others, f he following ilieeo ■ 
tent to expect, in this case also, that ti ■ 
a stable outcome. 

Theorem 7: There exist Nash eip. 
lists such that the outcome produced 
with respect not only to P, but also n 
the NIMP outcome is contained in ' 


IV. Contemporary Issues 

We now turn to some contemporary issues that have been iai>ed 
concerning the present operation of the National Resident Matching 
Program (NRMP). In a cei tain sense, each of these issues concei ns the 
underlying demographics of the market. 

When the NIMP algorithm was first cmploved, tlieie were mans 
more internships being offered than there were students to fill them, 
and consequently all core outcomes were rather favorable for stu¬ 
dents. By the mid-1970s, however, the inclusion of foreign medual 
school graduates in the matching program had succeeded in dosing 
the gap between the number of applicants and positions offered, and 
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outcomes in the core were no longer so favorable to students. 25 It is 
thus not surprising that the question of whether the NJMP algorithm 
unfairly favors hospitals at the expense of students eventually became 
an issue. 26 However, the following result shows that the conflict of 
interest between students as a group and hospitals as a group 
evidenced in theorem 2 is at least partly an artifact of the NIM1’ 
procedure’s requirement that participants submit rank orders (i.e., 
strict preferences) even when they may be indifferent between some 
potential matches. 

Theorem 8 : When preferences are not all strict, there may exist no 
two stable outcomes stub that all hospitals prefer one and all students 
prefer the other. 

Thus when preferences are not strict, it is not in general meaning¬ 
ful to speak of a procedure that favors hospitals over students. In the 
example used in the proof of this theorem, in Section VI, any stable 
procedure must favor some hospitals and students at the expense of 
other hospitals and students. 

Another issue that has been raised concerns the geographic distri¬ 
bution of interns and residents to hospitals. For example, Sudarshatt 
and Zisook (1981) write: 27 

Williams and his colleagues correctly point out that a great 
deal of subtlety and strut ture in the present matching system 
are probably not appreciated by the casual observer. Never¬ 
theless, an obvious answer to their question of why the pres¬ 
ent system and not its minor image holds sway is apparent. 
The United Slates suf fers a terrible problem of maldisttibu- 
fion of physicians, with urban areas being relatively over- 

1 ' Mullin and Stalnaker (HI52) icport dial in thr hist ycai of operation ot tlu- NIMi’ 
pioieduie, 10,41 1 positions wet e oftci ed ihiough the progiam lo 5,l>8| Mmlini partic¬ 
ipants, of whom 98 pen cm were assigned internships by the algorithm < I hev fun her 
repoil that of these students. 84 pci tent trecited their highest-ranked choice and 
.mother 10 peitem then second choke.) Hv 1970, (iraettingc? (1970) reports that 
JO, I 12 positions vvete of feted throttgh the [nogram. compaicd to 10,728 student par¬ 
ticipants (of whom 1 1,780 were U S medical school graduates) In that year only 78 
percent of the students (including 92 percent of the V S students) were matched bv the 
algorithm. (Kach year students and fiospitals who ate unmatc hed are able to seek one 
another out after the matching procedure has taken place ) 

*'* See Williams, Weith. and Wolff (1981), who reach a conclusion tesemhlmg 
theorem 2 on the basis of some examples, liy this time, dale and Shaplev’s 1902 paper 
is sometimes referenced in the medical literature (see n 18). not always cmreclls. 
Howevet. a number of authors appeared to be aware of the equivalence of the NIMI* 
algorithm and the (lale-Shapley algorithm (in at least some cases leaching this conclu¬ 
sion because of a belief that the two algorithms are the same) In Set. VII. the (idfu tillv 
of picc lsely tracing the histoiy of ideas in tilt* literatuie will he hiieflv discussed 
11 Sudarshan and Zisook (1981) wiote in icsponse to Williams et al. (1981). 1 hev 
were aware of (idle and Shapley (1902), but believed it implied that only two stable 
outcomes exist, namely a hospital-optimal stable outcome and its ‘‘minor-image'’ stu¬ 
dent-optimal outcome. 
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served and inner-city and rural areas being relatively under¬ 
served. At present, although approximately 100 hospitals fill 
every residency position, there are over 100 hospitals that do 
not receive a single application. This maldistribution would 
only be worsened by the only rational alternative to the pres¬ 
ent matching program, the mirror-image program, which 
favors students. [P. 526] 

The following theorem shows that, in fact, when all preferences are 
strict (so that hospital and student optimal stable outcomes exist), the 
selection of a particular stable outcome will affect only which students 
are assigned to which hospitals and will not have any effect on whic h 
hospital positions are filled and which students are matched. 1'hat is, 
the particular stable outcome selected will not have any influence on 
the geographic distribution of matched students. 

Theorem 9: When all preferences are strict, the set of hospital 
positions filled is the same at every stable outcome, as is the set of 
students who are assigned positions 

This theorem is proved in Section V'I. 

The final issue to be considered here concerns the tact that increas¬ 
ing numbers of medical students marry other medical students and 
seek to be assigned positions in the same community. At present these 
couples have two options: thev may enter the centralized matching 
process together and be matched In means ol a special “couples al¬ 
gorithm," or they may elect to remain outside of the centralized pro¬ 
cess and negotiate directly with hospital pi< ' ■ 

increasing numbers of couples have 
dined to participate in the match, a: 
positions with hospitals. JH 

In the light of the preceding an 
couples and hospitals both find it p 
ments outside of the matching progi 
algorithm produces outcomes that aic- tins 
pies. 'This turns out to fie the case 1 lie coup.c > . 

until 1985 did not permit a couple to specih its preferences ou 1 pans 
of positions. Instead, each couple submitted a rank-order list foi e.u h 
spouse and assigned one spouse priority in the match. Elias and Elias 
(1980) discuss some of the drawbacks of this couples algorithm and 
propose that it be replaced by one allowing each couple to submit a 
rank-order list expressing its preferences over pairs of positions. (I 11 
the 1983 match, couples were for the first time allowed to express 

Quite earl). Checker (I97:t) .hit ihulecl the dec lining i.iir ol pat (u ipattun in the 
matching program panic to inairted couples (Hospitals that negotiate ductile csitli 
couples may still seek to till their icmauung positions thiough the mantling piogr.un ) 
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such preferences; see the NRMP Directory [1983].) The following re¬ 
sult indicates, however, that even wheh couples are allowed to state 
their preferences more accurately, the problem of finding a stable 
outcome may still be intractable, since such an outcome need not 
exist. 

Theorem 10; In a market in which some agents are couples, the set 
of stable outcomes may be empty. 

The proof is contained in Section VI. 

V. The NIMP Algorithm and Proofs of 
Theorems 1 and 2 

The NIMP algorithm (see Stalnaker 1953; Darley 1959; NIRMP Di¬ 
rectory 1979) works as follows. Each hospital program rank orders the 
students who have applied to it (marking “X” any students who are 
unacceptable) and each student rank orders the hospital programs to 
which he has applied (similarly indicating any that are unacceptable). 
These lists are mailed to the central clearinghouse, where they are 
edited by removing from each hospital program’s rank-order list any 
student who has marked that program as unacceptable and by remov¬ 
ing from each student’s list any hospital that has indicated he is unac¬ 
ceptable. (1 am indebted to John S. Graettinger for explaining this 
initial editing.) 1'he edited lists are thus tank orderings of acceptable 
alternatives. 

These lists arc entered into what may be thought of as a list¬ 
processing algorithm consisting of a matching phase and a tentative- 
assignment-and-update phase. T he first step of the matching phase 
(the I : 1 step) checks to see if there are any students and hospital 
programs that are top ranked in one another’s ranking. (If a hospital 
It, has a quota of q„ then the q, highest students in its ranking are top 
ranked.) If no such matches are found, the matching phase proceeds 
to the 2: 1 step, at which the second-ranked hospital program on eat h 
student’s ranking is compared with the top-ranked students on that 
hospital’s ranking. At any step, when no matches are found the al¬ 
gorithm proceeds to the next step, so the generic k: 1 step of the 
matching phase seeks to find student-hospital pairs such that the stu¬ 
dent is top ranked on the hospital’s ranking and the hospital is Ath 
ranked by the student. At any step where such matches are found, the 
algorithm proceeds to the tentative-assignment-and-update phase. 

When the algorithm enters the tentative-assignment-and-update 
phase from the k: 1 step of the matching phase, the k: 1 matches are 
tentatively made; that is, each student who is a top-ranked choice of 
his Ath-choice hospital is tentatively assigned to that hospital. The 
rankings of the students and hospitals are then updated in the follow- 
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ing way. Any hospital that a student s t ranks lower than his tentative 
assignment is deleted from his ranking (so the updated ranking of a 
students, tentatively assigned to his ^th choice now lists only his first k 
choices), and student s } is deleted from the ranking of any hospital 
that was deleted from s /s ranking (so the updated rankings at each 
hospital now include only those applicants who have not yet been 
tentatively assigned to a hospital they prefer). Note that if one of a 
hospital’s top-ranked candidates is deleted from its ranking, then a 
lower-ranked choice moves into the top-ranked category, since the 
hospital’s updated ranking has fewer students, but the same quota, as 
its original ranking. When the rankings have been updated in this 
way, the algorithm returns to the start of (he matching phase, which 
examines the updated rankings for new matches. Any new tentative 
matches found in the matching phase replace prior tentative matches 
involving the same student. (Note that new tentative matches can only 
improve a student's tentative assignment, since all lower-ranked hos¬ 
pitals have been deleted from his ranking.) The algorithm terminates 
when no new tentative matches are found, at which point tentative 
matches become final. That is, (he algorithm matches students with 
the hospitals to which they are tentatively matched when the al¬ 
gorithm terminates. Any student or hospital position that was not 
tentatively matched during the algorithm is left unassigned and must 
make subsequent arrangements by negotiating directly with other 
unmatched students or hospitals. (See fig 1 m! the 

algorithm.) 


Initial bdmng of Rank Older Lists 


Matching Phase ^ 

Are theie any (new) I I matches’ 
•1 no 

Are there any (new) 2 I matches 7 


Are there any (new) k 1 matches' 


Are there any (new) n t matches’ 

(ii*mix * hospitals ns any students li*l) 


1 ^11* J st ud* nt s 1 i 


delete Irnut url) Assigned students I 1 urn 
the list of fiih luspltal program that t hf» 
tanked lower than thiir tentat.ie a • • 1 


SKIP All students arc now assigned to 
the hospital program on the 
bottom of their updated list 


Frc. 1.— 1 he NIM1* algorithm 
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The proofs of theorems 1 and 2 given below closely follow the 
treatment of Gale and Shapley (1962) and together amount to a for¬ 
mal proof that the NIMP algorithm and the algorithm considered hy 
Gale and Shapley are equivalent. 

Proof of Theorem 1: When the algorithm terminates, each hos¬ 
pital h, is matched with the top q, choices (i.e., the top-ranked choices) 
on its final updated rank-order list. (This follows, since the algorithm 
does not terminate while tentative k: 1 matches can still he found.) 
This assignment is stable, since any student x. whom some hospital h, 
originally ranked higher than one of its final assignees was deleted 
from h,'s ranking when s, was given a tentative assignment higher in 
his ranking than //,. Hence the final assignment gives s, a position he 
ranked higher than he ranked h,. So the final outcome is not unstable 
with respect to any such ft, and 

Proof of Theorem 2: To prove the first part of the theorem, it will 
he sufficient to show that no achievable student is ever deleted from a 
hospital program’s rank-order list, so that the final assignment gives 
each hospital program its best achievable assignments. This can he 
seen hy induction. Suppose that, up to the rth iteration of the al¬ 
gorithm, no student has been deleted from the ranking of a hospital 
for which he is achievable, and that on the (/ + l)st iteration student s, 
is tentatively matched with hospital h, and deleted from the ranking of 
hospital h k . Then any assignment that matches t, with h k and assigns 
achievable matches to h, is unstable, since s, ranked h, higher than /i* 
and h, tanked ,c, higher than at least one of its assignees. ( This follows 
since a, was top ranked hy h, at the end of the rth iteration, when no 
achievable students had yet been deleted from h ,'s rank-order list.) So 
<, is not achievable for h k . 

t he second pait of the theorem is now straightforward, since any 
outcome v that some ,s, likes less than the hospital-optimal outcome x is 
unstable if the hospital x(s t ) is assigned some student at y whom it likes 
less than .s,. 

Corollary 2.1 follows in a straightforward way by considering the 
NIMP algorithm with the roles of students and hospitals reversed, so 
that each student is treated as a hospital with one position to offer and 
each hospital is treated as a student with q, top-ranked choices. 


VI. Proofs of Theorems 8, 9, and 10 

Proof of Theorem 8: Consider the market in which there are three 
hospitals, If = {/t|, fix, h^}, each offering one position, and three stu¬ 
dents, S = {s|, Vj, .s ;1 }. Hospital h\ is indifferent between h and 
whom it prefers to ,» 3 , that is, ti/(/ t i)s^P(/i f ).s ;1 . Hospital /t 2 stric tly pre¬ 
fers s x to to .t 2 , while h k prefers to a : , to a,. The preferences ot 
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the students are given by /i l P(.s 1 )/i 2 P(.S|)/i,, A|P(i 2 )A;iP(c 2 )/t 2 , and 
AiP(s 3 )AiiP(s.i)A s . There are exactly two stable outcomes in this market, 
xandy, given by x(,t|) - h i,x(.s 2 ) = h^x(s^) = h>.x(h\) = s, ,x(h 2 ) = 
x(h :i ) - ? 2 ,andy(i|) = h 2 ,y(s 2 ) - /*i,>(s 3 ) = h 3 ,y(h t ) = s 2 ,y(h-,) - 
y(h$) = s-,. Hospital h\ is indifferent between its assignment at x and at 
y, while hospital h~> and student s 2 prefer y to x, and hospital Its and 
students h and prefer x to -y. So each stable outcome is prefei red to 
the other by some students and some hospitals. 

Proof of Theorem 9: For any outcome z, let P(z) denote the set of 
hospital positions filled at z. (To make the definition precise, let the</, 
identical positions offered by hospital program h, be numbered, so 
that if A of these positions are filled at z they are taken to be the first k 
positions.) Let/>(z) = |P(z)| be (lie number of positions filled. Similarly 
let (f(z ) denote the set of students assigned to positions at outcome z, 
and let <y(z) denote their number (so n - ^[z] students are unmatched 
at z). Let x be the hospital-optimal stable outcome, and let v be the 
student-optimal stable outcome; both exist since all preferences arc- 
strict. Then theorem 2 implies that P(x) contains P(z) for all stable 
outcomes z, and consequently p(x) 5= /;(z). This latter inequality im¬ 
plies q(x) 5 r/(z) for all stable outcomes:, since every position is filled 
by exactly one student, that is, since p( z) = t/(z) for even outcome :. 
Theorem 2 also implies that Q(x) is contained m Q(z) lor all stable 
outcomes z, so q(x) s. c/(z). Hence Q(v) = Q(z) foi all stable z: that is. 
the set ol students who are assigned positions is equal to Q(\) at even 
stable outcome z. But q(x) = q(z), and hence t>(\) ~ !•(-.) Ini even 
stable outcome z. Since P(.\) contains P 
the set of hospital positions filled at 
P(x). 

Proof of Theorem 10: Consider ib 
/t 2 , /i.i, It |}, each of which offers exac t 1 
has strict preferences over students s 
The students consist of two mauled <> ... 

couple has sttict preferences over ordered pans oi nospu.us. as .. 
in table 2. Thus couple {1,2} have as tlieii fust choice that siudent 1 
be matched with It \ and student 2 with /i_». and have as their last choice 
tliat siudent 1 be matched with h> and student 2 with /i, The 21 
possible assignments of students to hospitals are listed m table 3. 
along with the reason each such outcome is unstable 1 bus ouu nine I. 
which assigns student t to hospital h,. t = 1, . . . t. is unstable bee ause 
both hospital li> and couple {3. 4} would prefer that student 1 lie 
matched with h 2 . ( This follows since h 2 preteis student 1 to student 2, 
and {3, 4} prefers /i f /r> to /;•»/»,.) Note that the emptiness of the set of 
stable outcomes here is not a "knile-edge" phenomenon. 1 he ex¬ 
ample would be completely unchanged, for instance, il am prelei- 
ences for h 2 that kept student 4 as the Inst choice were substituted 
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VII. Concluding Remarks 

The NIMP algorithm, which was adopted in 1951, produces the hos¬ 
pital-optimal outcome in the core ot the market. It is therefore 
noteworthy that the core was not formally defined as an independent 
solution concept in game theory until 2 years later, in the work of 
Gillies (1953a, 1953ft) and Shapley (1953). The fact that the core was 
so structured in such markets as to contain optimal outcomes of this 
kind was not known until the work of Gale and Shapley (1962). The 
kinds of incentive questions that prompted the replacement of the 
1950 trial-tun algorithm were not commonly discussed in economics 
until at least 10 years later (see Green and I,at font [1979] for a sur¬ 
vey), and the specific incentive properties of stable procedures in 
markets of this kind have been well understood only in the last lew- 
years. 211 It is difficult to say precisely what was known about the NIMP 
algorithm when it was implemented, since the associated literature 
contains a number of correct assertions about its properties, alongside 
other assertions that are incot rect. However, it is clear that several 
ideas that subsequently became important in economic theorv were 
earlier encountered in the course of organizing this medical labor 
market.' 0 

A number of the contemporary problems atising in the medical 
labor market raise theoretical questions that seem likeK to have moie 
general significance. Perhaps the most topical of these is the problem 
of two-career couples referred to in the previous section. Since 
theorem 10 applies to quite general kinds of labor maikets, some of 
the changes caused by increasing numbers ot dual-career households 
in other labor markets may prove tefitcd • i i . , 


Tht-tc has been a considciable autoum 
and oilici questions concerning matching ; 
existence of stable outcomes is given b\ 
including both marriage markets and e\< b 
kind studied in Shapley and Scarf (1971 
(1982fc). Theorem 3 has been mdependii- 
(1982), a strengthening of them em 5 to lnrlin * 
and Freedman (1981) and Ruz(1982), and (idle .no¬ 
vation analogous to theorem 9. Similar results aie . 

(1983) for a related model ol mat flung, and 1 am mdebu d to l)a\id (.ale tot nit* »i mmg 
me that he and M. Sotomayor have obtained some results mhuI.ii to those m Set 
IV. The structure of the set of stable outcomes in general markets ol this kind is ex¬ 
plored in Roth (1984 /j). 

s<> One of the goals expressed for the NIMP pi <x edui e " as that it should a< hic\e the 
same outcome as an orderly fiee market (see the hue! histoiual icview m Gi aeitmgei 
and Peranson 1981) Since it achieves an outcome in the toie. tbeie is a well-defined 
sense in whith this goal is acluesed. Parti) because of the two-sided nature ot labor 
markets, such a procedure is quite different fiom similaih moinaled picxcduits ioi 
one-sided markets, as when students are to lx* assigned todnrmiloi ies (see 11% Hand and 
Zeckhauser 1979; Leonaid 1983). 
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Another contemporary problem concerns adapting the matching 
procedure to the market for advanced residency positions, which are 
less homogeneous than positions for first-year graduates. 31 And there 
remain open questions about the market described here and the 
forces prompting the adoption of this particular form of market or¬ 
ganization. Specifically, the precise role that salary adjustments play 
in this market is still unclear, as are the market features that pre¬ 
vented salaries alone from clearing the market in an orderly way in 
the late 1910s. ;,a 

In conclusion, it bears repeating that the history of rule changes a 
market has undergone provides a valuable perspective from which to 
view the forces at work in the market. Game theory, which is the part 
of economic theory most explicitly concerned with the implications of 
different rules of organization, provides a natural theoretical 
framework to study these changes. 
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level of productivity in sectors producing commodities was about 
equal to that of the service sector in 1929 and was about 10 percent 
higher in 1969. Thurow (1980), using base-year sectoral deflators, 
found that in 1972 output per man-hour was highest in the finance, 
insurance, and real estate, public utilities, and communications sec¬ 
tors (about $20.00 per hour in 1972 dollars) and lowest in retail trade 
and services (about $5.00 per hour). Kutscher, Mark, and Norsworlhy 
(1977), Denison (1979ft), and Baily (1982) all use differences in the 
level of pioductivity between sectors, based on basc-yeai sectoral 
deflators, in order to calculate the effect of shifts in employment on 
overall productivity growth. 

Such analyses raise the issue of the meaning of such differences in 
absolute levels of sectoral productivity. Is there any meaning at all to 
comparison of number of apples produced per hour with number of 
haircuts per hour? On the sutface it appears that apples ran be com¬ 
pared with haircuts in terms of the value of apples produced per hour 
with the value of haircuts ptodttced per hour. Yet, in eqtulihiittm, 
under conditions of perfect competition, as we will see, the average 
productivity of all inputs taken together (i.e., total factor productiv¬ 
ity), if measured in terms of c urrent values, must of necessity be equal 
among industries. Thus even a comparison of absolute productivities 
in let ms of output values would appear to be meaningless. 

fs there, then, any defensible way to interpret the notion of abso¬ 
lute industry productivity and to define its magnitude? This is the 
subject of the present paper. We will focus on two candidate measures 
of absolute productivity, both using values of outputs for their in¬ 
terindustry comparisons. The first, the base-yeat measure, uses the 
prices prevailing in some base-year period, keeping those price 
weights constant in the index calculations for all other years, l he 
second candidate measure of absolute productivity, the deflated in¬ 
dex, instead uses current prices deflated by some index of the econo¬ 
my’s overall price level. 

We will show that the base-year measure, while very defensible as 
an indicator of rate of productivity growth, is a complete failure for 
our purposes', it yields a figure for absolute level of productivity for 
an industiy that is totally arbitrary and that w ; e can make as large or as 
small as we like. Thus, consider two industries, a and b, and suppose 
that a’s productivity as measured by the base-year index is. say, 3 
percent larger than b’s, year in and year out. Then by appropriate 
choice of base year it is possible to conclude that a’s absolute productiv¬ 
ity level today is the same as b’s or is five times as large as b’s or is 3.25 
times as great as b’s. Or we can instead decide in advance that we 
would like a’s absolute productivity level to turn out to be 2.8 times as 
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large as b’s and then determine the base year that gives us this ratio. 
In sum, the base-year index, despite ils great value as an indkator of 
productivity growth, is totally useless as a comparative measure of the 
absolute productivities of two sectors ol the economy. 

We will see, in contrast, that although the deflated index of absolute 
productivity tends to assign the same absolute productivity figures to 
all economic sectors, and certainly does so if those sectors are per¬ 
fectly competitive, that measure actually reports a substantive piece ol 
economic information—the marginal welfare productivity of each 
sector of the economy. For what the general equilibrium mechanism 
of perfect competition does is to redistribute inputs and consumer 
purchases among the economy’s different products in such a way that 
at the margin the absolute welfare productivity of any input is the 
same in all industries. Moreover, that productivity figure will grow in 
each sector at the same rate as an index of the real compensation of 
the pertinent inputs. 

We will conclude, then, that a deflated index of absolute productiv¬ 
ity does have substantial content, though a comparison of the figure 
for different industries can tell us little, since matket lot tes make that 
index behave similarly for all industries. 

On the other band, since the base-year index can tell us nothing 
about an industry’s absolute productivity, it is useless for interindus¬ 
try comparisons. We are left, then, with the conclusion that there is a 
way of defining an industry’s absolute productivity that does comes 
substantive information, although we base not been able to find a 
useful measure to distinguish the ah-- 
of one industry from that of aiioth 
tore cited here earliet, therefore, 
tion. 

In discussing measures of procli 
more obvious types of indices used 
productivity as the value of the pen 
divided by the value of the vector of mjo,■ 

avoid sophisticated const 1 nets, such as the Dnisia index, with < lie it 
strong theoretical foundations and their valuable anahtic al piopei lies 
(on this material, see, e.g., Diewert | lf)80); (lollop and Jorgenson 
[1980)). Accordingly, in much of what we discuss it will he useful to 
view our main productivity indices not as measures of the shift in tlie 
production frontier that occurs with the passage of time, but rather as 
indicators of the improvement in consumer and producer welfare 
derivable from a given collection of inputs. This is the ultimate 
justification for our attention to the c urrent market values of outputs 
and inputs. 
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I. Absolute Productivity, Aggregation, and the 
Use of Price Weights 

Absolute productivity may be defined, roughly, as some measure of 
output per unit of input. 1 One problem raised by this definition is that 
probably no firm and certainly no industry or sector of the economy, 
such as “the services," produces only a single output or uses only one 
input. Moreover, since our main concern is interindustry comparison, 
we are faced with the issue of achieving comparable output measures 
when each industry’s output composition is very different from every 
other’s. There is, of course, no one correct or “best" way of dealing 
with this problem. However, the obvious approach, which is rather 
widely used and which, as we will confirm, makes considerable sense, 
is to use prices as weights for the aggregation of outputs and for the 
aggregation of inputs. 

Legitimate price weights for productivity measurement obviously 
must avoid the distorting influence of inflation. There are (at least) 
two ways in which this can he done, and each of them turns out to 
yield a measure of productivity whose interpretation is .significant but 
very different from that of the other: (1) The base-year approach uses 
as its weights for output i, />,», the price of product i in some base 
period, 0, instead of p,„ the nominal price of / in period t. (2) The 
deflated price approach replaces />„ by p„lp„ where p { is some sort of 
overall price index such as £ p,/y „/2 p,ny„. Here, since we are seeking 
some sort of measure of real value of output to consumers as a class, it 
is appropriate to take as p, some index of the overall price level of the 
economy, for example, the consumer price index, rather than any 
measure of the behavior of prices in the sector of the economy where 
the outputs in question are produced . 2 A similar pair of options, 
namely, ic t0 and it'*,/re,, is, of course, available for the derivation 
of a real value corresponding to the nominal ju ice, w k „ of input k in 
period t. 

Before going on to our analysis proper, it is helpful, simply as a 
refeience point, to derive a relationship for the spurious measure of 
productivity that would result if nominal prices were used to aggre- 

1 l Ins way ot pulling the mailer inevitably niusi cause some piobleins (or those who 
will accept as an nutcase In piochictiviiy only a slutt in the ptnductinii set, i e., an 
inwaici shift m the production isoquants ill input space It absolute piociuclivity is 
defined as in the text, it can he inc leased by such phenomena as scale economies or 
etunmaliem of X inefficiencies that move the economy lowauf the production frontier 
File point in the Divisia index approacli is that (in wide c lasses of'tecliuological change 
it does isolate ihe shills in the production isoquants and eliminates changes in the 
output-input ratio Jtlribinahle to developments that do not after! the production tune- 
lion. 

2 As we will see presently, die use of a production-sector [M ice index fen the deflation 
process gives us results very similar to those stemming from hase-year prices. 
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gate outputs and inputs. We obtain the nominal total factor produc¬ 
tivity of sector s: 

X P«y« 

-■ <•> 

X w kiXk, 

lies 

where S is the set of outputs produced and inputs used in sector s,y„ is 
the quantity of the ith good produced hy s in period I, and x*, is the 
quantity of input k it uses. 

To bring out our genet al equihbi ium results most sharply, in most 
of the remainder of the analysis we will work on the assumption that 
the economy in each petiod achieves a perfectly competitive equilib¬ 
rium, though that equilibrium, of course, changes from period to 
period. 

A moment’s consideration shows that iV,,„ the ratio of value of 
output to value of input, is a measure of the economic profitability of 
sector 9. Hence, since profits are always zero in competitive equilib¬ 
rium, we must have 

N/,, = 1 in every sector w (2) 

This relationship will prove helpful in our later discussions. 


II. Base-Year Productivity Measures in 
Literature 


T he most obvious way to go abou: 
of inflation is to use base-year pie 
is, to keep the price weights tint li 
yields the obvious formula' 


li 


h> 



• es 


X 




Before subjecting this index to a formal anahsis. let us fust show that 
it is indeed something that lias been used b\ economists who uoik in 
the area. 

Because explicit statements specifying the productivity formulae 
used in the empirical literature are surprisingly infrequent, it is not 
always easy to judge which authors have used equation (3) or some¬ 
thing close to it as the basis for some or all of their produtiivuv 
calculations. Yet, it seems clear that (3) or a near relative is frequenth 
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employed for the purpose. At least five studies have used such ex¬ 
pressions: Stigler (1947), Nordhaus (1972), Kutscher et ai. (1977), 
Thu row (1980), and Baily (1982). Actually, at least some of these 
authors use an approach that at first appears to be a compromise 
between our base period and our deflation method—rather than em¬ 
ploying base-period prices, they employ current prices deflated by an 
index of the price level for just the sector with whic h their calculation 
is concerned. But the resulting behavior of their productivity index is 
essentially that of a base-period price. In particular, if they employ 
the price index 

X P*y« 

P'> - -• <4> 

l_, pioy.i 

ies 


then the value of the sector’s output that they obtain becomes 

x - x -&*- - x />„>»,, <« 

ies V P-< > ,es t>-‘ 


which is, of course, exactly the base-year measure of aggregate out¬ 
put. Clearly, any other (trice index whose behavioi approximates 
that of H,i will yield roughly similar results. Intuitively, the point is 
that deflation by a sectoral price index returns the “average” price 
of that sector to its base-year value, and that is why deflation by a 
sectoral price index gives roughly the same results as use of base-year 
prices as weights.* 


III. The Base-Year Measure and Absolute 
Sectoral Productivity 

Let us turn now to the workings of the base-year productivity mea¬ 
sure (!?). We will argue that though it is, of coutse, by no means the 
only measure that can quality for the task, this index, B^ h is a defen¬ 
sible measure of the growth of physical productivity in any sector of 


' All the authors we aie disc ussm^ seem to else a procedmc ih.it also ctillei s Itom (It) 
ill another lespcii. They wotk with yposs pinduct <>iiginating (UFO) by scum as then 
measuie of set lot at output their productivity measure is. essentialls, sectoral output 
deflated by the sectoral price deflator less intermediate in pit is deflated by the tiiiie- 
spondmg input prue deflatots. I bus, value in each product line is evaluated at Us own 
uninflated puces I lie method is often leterrccl to as "double deflation," since the 
outputs and intermediate goods arc deflated separately, li is also sometimes called 
"value added m constant pi u cs.” I his measure, winch we may symbolize by iy,„ has the 
same properties we will show lot fi/„ In particnlat, it its tate of growth, i, is constant 
and the economy is always in competitive equilibrium, iy,„ = 1, V c, and iy, r = - 

e'* 
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the economy.' That is, it can he interpreted as a reasonable indicator 
of the growth in the sheer quantity of goods and services lhal can be 
turned out by that sector with a given input bundle. However, we will 
suggest that there are two things this index cannot legitimately do: (i) 
It is not an acceptable indicator of growth in welfare productivity, that 
is, in the ability of a given bundle of inputs to contribute to the welfare 
of the community (roughly, to consumers’ and producers’ surpluses) 
where inputs themselves are measured in welfare terms, that is, in 
terms of their social opportunity cost. For evaluation of growth in 
welfare productivity we will have to turn to another index that will be 
described presently, (ii) Moreover, though the base-year index is a 
measure of physical productivity growth, it is totally useless as a mea¬ 
sure of absolute productivity level in any sector or of the difference in 
the absolute productivity levels of any two sectors. 

To see in what sense B t ,, serves as a measure of physical output 
growth, let us subject it to the obvious test. Let ns observe its perfor¬ 
mance in a case w’here physical productivitv growth is easily delinable 
and measurable—that in which ali input quantities grow in some 
fixed proportion, e' 1 ', and outputs all grow in some other common 
proportion, e", over some period i. Then, obvibush, by (3), 


d Sc />,(>>’,ii 

h ' ~ 


= = r" "'"'/I,,,,. 


so that H will have grown at the rate r - q. just as pin sic al produc ti\ - 
ity has. Analogously, when outputs and/or inputs do not grow pio- 
portionately, B h , can death be interpreted as the growth of a 
weighted average of product per unit bundle of input, with all of the 
usual reservations about the aggreg u 
index number. 

It must be reiterated that B h , < an 
production frontier of sector Inn 
quences of such a change with the- 1 
in input or output proportions, < 


' Iliac, we uuisi ii-cniphasize ih.il we .n< ij 
index in measuring growth in phvsual piodmiiuu .• 

funnel’ can, ieasnnahl>. Ih* inteipmed .is one |>os\ihlo \%.»\ oi <.«u ui.hhi^ im *,•' 
in physical outpul obtainable fioin .1 lived bundle n| inputs 

* Indeed, one tannot normally measuie the rate ot shift ol the piodimion lioutm 
statistuallv without (quite legitunately) adopting some assiiinpnon ih.tt 1 niimt s .1 nm! 
part of the problem. I hus. il one assumes that the piodmtjon relationship is <>l the 
form v — e x4 j (x,). whcie x, is the \e<toi ot inputs, aiisohur pmdmttMU is measuied 
implicitly by tt — \/x„ wheic v, is some index o| input usa^e and piodiutmlv growth 
equals tt/tt = r + rf Inf J ^ i* it / ( ) is appro\iinatel\ lineaiU huinogt ncous 

Thus, v is the tori eel measure of the change in the rate of jpowth ol pioducimtv 
measured as a shift in the piodiu turn liontier under the pi 11 edmg assumptions (w hu ft 
aie simitai to those widely employed in the luei.ituiel Houe\er. the assumed mathe¬ 
matical form of the prod union relationship < leail\ lestiuts un substantiall\ the na- 
lure of the technological diarize that can he experienced In theeioiiorm ol t)ns model 
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Thus, the physical productivity growth measured by Bf St is to be inter¬ 
preted quite differently from that corresponding purely to a shift in 
the production frontier. Both types of physical productivity growth 
concepts, B and a measure of the shift in the frontier, have legiti¬ 
mate interpretations, but they are not the same. 

Next, we note very briefly why B^, is not a defensible measure of 
growth in welfare productivity. The point is that in period t the price 
vector p n is a vector of obsolete prices and hence represents consumer 
evaluations of the products that are no longer relevant if tastes have 
changed. A commodity i whose price lias since fallen sharply, because 
preferences have shifted to other goods, is still evaluated by B^, at its 
high earlier price, p, 0 , as though its marginal welfare contribution 
were still as great as it once was. This suggests that current prices are a 
better way of going about measuring growth in welfare productivity, 
and that is indeed the approach we will employ for the purpose. 

Finally, and most important for our main subject, let us see now 
why is not an accejMable measure either of absolute physical pro¬ 
ductivity of any sector of the economy (even if it is a legitimate mea¬ 
sure of its growth) or of the relative productivities (i.e., the ratio of the 
absolute productivities) of any two sectors. First we note that by (1) 
tf/,o = that is, in the base year there is, by definition, no differ¬ 
ence between the base year and the nominal productivity figures. 
Thus, in competitive equilibrium, by (1) and (2), 

«/,o» JV/.o = 1. (7) 

Next, consider two sectors of the economy, a and b, with respective 
constant productivity growth rates u and v, and take u 5= v. Then 
clearly, by (6) and (7), 

V = e"', Bp, = e - r<" ">'. (8) 

Bji, 

These, then, are the absolute and relative productivity figures for 
the two sectors implicit in the B/\, measure. But a glance at (8) reveals 
their fatal Haw. For they are totally dependent on the choice of base 
year in a manner far more serious than that normally entailed by the 
arbitrary choice of a base period for some index number. The mag¬ 
nitude of an index number of GNP, for example, depends heavily, as 
we know, on the state of the economy at the particular date selected as 
the base year, and it may make current GNP figures seem particularly 
high or low by comparison. In contrast, the values of the expressions 
in (8) depend not on economic conditions in the base period, but only 
on t, the amount of time since elapsed. Thus, the three numbers that 
emerge from (8) are simply an artifact of the number of periods 
earlier that have been chosen for the base. We can arbitrarily make 
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these numbers as large as we want simply by taking the base year to lie 
sufficiently far in the past. Similarly, we can make it as small as we like 
by selecting a base year sufficiently recent, thus making t corre¬ 
spondingly small. Thus we can make the current ratio of absolute 
productivities in sectors a and b equal to any arbitrary number, k s* 1, 
simply by choosing the base period to be the date t* periods earlier, 
where t* = [ln(/c)]/(u - v), so that by (8) B^.IB/},,* = e ( "~ = k. In 

sum, even though (8) clearly gives us the percentage growth rates of 
physical productivity, u and v, of the two sectors, the absolute and 
relative productivity figures that emerge are completely arbitrary and 
devoid of economic content. 0 


IV. The Deflated Productivity Index 

Economic analysis has long emphasized that sheer physical output— 
the economy’s miscellaneous outpouring of objects and services—is 
not its basic concern. Rather, what is ultimately pertinent is the econo¬ 
my’s ability to serve the desires of individuals in their roles ol consum¬ 
ers and producers. If an economy were to double the amount ol 
commodity X it can produce per hour but consumers' tastes had 
meanwhile changed and good X was valued far less than befote, all 
other things being equal, productivity in this industry may m a sense 
have fallen. For, if productivity is to serve as a measure ol an econ¬ 
omy’s ability to support a high standard <>l li\itvj the measure 
employed for the purpose must in 
contribution of the outputs ratltei r 
One obvious way to approach tin 
mation to the desired standard the . 
of production, meaning that one e\ 
one another, at the ratio of their m.> 
at their relative marginal opportunm 
made operational, at least in our world ot u 

librium. For there, as the textbooks tell us, maigmal utilities itiusi , s 

6 II should be clear by die same i casoning why. as indicated m an eai her note, siniilai 
problems arise if instead of base-year prices we deflate puces b\ secloi.il puce indices 
and interpret the resulting figures as indices of absolute or I clause sectoral prodm 11\- 
ity. It may also be noted that, in terms of mu sub|cci. tile most mleiesimg leasnn loi 
which prices vaiy over time is technical change. As a result, the Icmg-tim competime 
equilibrium position ot the economy keeps shilling. Equation ( 7 ) thus ttlets to one 
such equilibrium position with zero profits in all indusiiics 

7 In this respect, a productivity index that measure s the shift in die piodiiition 
frontier has things both ways—for such a shift leprcsents ail ablins to increase Ixuh 
physical output and welfare (assuming dial consumers are not sated in e\entiling) An 
outward shift in the entire length of the frontier means dial the ecunmnv has im t eased 
at least its capacity to enhance welfare This does not necessai lb lollow. ol com se. >1 onl\ 
part of the frontier shifts outward. 
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proportionate to real output prices and marginal opportunity costs of 
inputs must be proportionate to real input prices. This immediately 
leads us to our second productivity measure, the deflated index of 
total factor productivity:* 


l> h . 


/GS 


Ae=s 


( 9 ) 


where j>, and re, are, respectively, any of the standard indices of the 
economy’s overall level of output and input prices. As already noted, 
here we employ genetal price levels for the entire economy rather 
than those of any particular sector. For we are concerned with the 
evaluation of the economy’s body of consumers, as a group, of the 
outputs of sector s, and the opportunity cost to the economy as a 
whole of the bundle of inputs used hy sector .s. The use of the mar¬ 
ginal measure of welfare contribution does have a conceptual limita¬ 
tion, as the pertinent indicator of welfare, which can be quite serious/’ 
but it is at least a step in the right direction. 

We may note that it is more difficult to line! in the empirical litera¬ 
ture examples of the use of the l)/ t , measure or approximations to it 
than in the case of Yet something like it seems to be implicit in the 
discussions of what has been called “the resource reallocation effect” 
(see, e.g., Denison 1979 a, 1979ft, 1982: Norsworihy, Harper, and 
Kunze 1979; Gollop 1982). Here, overall productivity is taken to be 
increased by a more efficient allocation of resources in a shift toward 
equilibrium. The most straightforward and simple use of the ap¬ 
proach appears in Denison’s writings. 


V. Behavior of the Deflated Index 

We will show next that when is used as the productivity index, the 
value of absolute productivity has an inherent tendency toward simi¬ 
larity, from sector to sector, and for the different sectors to maintain a 
rough parity with one another. This curious behavior is a conse¬ 
quence of the use of current values in measuring productivity. To see 


M The logic of the analysis is unaffected if the index is modified to relate to the value 
added lather than the gross output of sector i All that is requited is a cut responding 
change in the mleipi elation of the y,, ami tile x t ,. 

q The point is that l> h , is a legitimate measure of growih m wrljair ptoductivity onlv 
for marginal changes. This is so because price is a measure of consumers' benefits tints 
at the tnatgtn, since larger changes will also alletl consumers’ surplus A similar com¬ 
ment applies on the input side. For iarget changes I he measurement of growth in 
welfare productivity is, consequently, far more complex. 
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the connection suppose, for example, that the physical productivity of 
labor in clockinaking doubles. If, as a result, the price of a clock falls 
by half, the value of the output of a worker (his value or nominal 
productivity) will remain unchanged. 1 his is the normal qualitative 
relationship, since whenever there is a rise in the physical productivity 
of the inputs used to produce an item, the price of the item will tend 
to fall. 

Whether the deflated productivity of the inputs employed in mak¬ 
ing that item rises or falls may, then, appear to depend on whether its 
price falls faster or more slowly than the real relative productivity of 
its inputs rises, but matters are not so indeterminate. Competition and 
capital Hows will tend to equalise the ratios of the value of output to 
the value of inputs for all sectors, making lor equality in the value 
productivities of their inputs. For this reason, intersectoral compari¬ 
sons of absolute productivity should tend to show that the differences 
are small and do not change greatly with the passage of time, even 
though physical productivity in some grows far more rapidly than in 
others. 

The point in its strongest form is a model of moving competitive 
equilibiiuin. A comparison of ((f) and (I) indicates at once that 



for the deflated index simply is the nominal index with output prices 
divided by output price index />, and im ' 1 ' 1 ' 

number av However, in perfettb , 

(2), Ay,, = 1, so that, from (10). 

Hfsl 

Because the value of the laim 
time, it is clear that D^„ unlike \ . 

time. However, since this ratio does not ... 

from industry to industry, a deflated (teal) measure ot pmdiu uvitv 
level implies a tendency toward equalitv of the total !a< tor prodm to 
ity figures for the different sectors, with absolute equalitv aluavs hold¬ 
ing in competitive equilibrium. 

It will still be true, even if paradoxical, that at least in a pel let tlv 
competitive economy, even if physical productiviiv in one settoi 
grows persistently faster than that of another, real productiviiv in the 
two sectors as measured by D,,, will begin at the same level and move 
together in lockstep through time. Use of ibis index, for example, 
may indicate that productivity in the service sector is equal to that in 
goods production and remains equal over time. 
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It should be noted that D f ,, must at least be accepted as a reasonably 
satisfactory indicator of total factor productivity growth in the econ¬ 
omy as a whole, since it amounts to an index of real compensation of 
inputs. For its value, w,/p,, is simply average input price over average 
output price. 

Before we explore the source of the behavior of D /sl , it is worth 
noting an implication of this uniformity of Dj tl in all sectors and the 
diversity of values of fl /( , for empirical evaluation of the effect on 
overall productivity growth of shifts in the economy’s labor and other 
inputs among the sectors. Our analysis suggests that if current prices 
(real or nominal) are used as weights in a statistical calculation, then 
intersectoral shifts in input uses will be estimated to have had little 
effect on productivity. This is so because the resources will have 
moved from a sector s with the deflated productivity level Dj,, (or A/y, ( ) 
to another sector, s', with about the same deflated productivity level, 
and so the calculated net effect is virtually certain to be small. Yet this 
result may fail to capture the f ull physical ef fect of the resource shift, 
because if the shift moves inputs toward sectors with high growth 
rates in physical productivity, it will increase u< t lp, and hence the value 
of in each and every sector .s. On the other hand, if base-year 
prices are used, depending on the choice of the base period, then li /tl 
and li h ', are likely to differ substantially. Thus if, say, - Bj s -, is 
large, then a shift of resources from s to s' is likely to affect the 
calculated productivity growth rate substantially, by amounts that dif¬ 
fer among studies because of differences in the value of t. 

The results of the available empiiical studies are roughly consistent 
with these observations, though the current price formulas used do 
not quite c orrespond to D t% , or N^,. Base-year prices are used by Nord- 
liaus (1972), Kutscher et al. (1977), Thurow (1980), and Baily (1982), 
who conclude that input shifts account, respectively, tor 79, 23, 45— 
50, and zero percent of the slowdown in overall productivity growth 
for the (different) periods they consider. On the other hand, in a 
portion of their formulas, current price weights are used by Nord- 
haus (in another part of his 1972 study) and by Gollop (1982), each 
of whom ihen obtains an estimated elfett approximately equal to 
zero. 

VI. The Paradox Resolved: The Market as the 
Distributor of Welfare Productivity Growth 

One may well be templed to conclude that the discounted index of 
absolute sectoral productivity is as devoid of content as the base-year 
measure. What sense can there be to a sectoral measure of total factor 
productivity that inevitably maintains parity among sectors through 



ABSOLUTE PRODUCTIVITY 


1029 


time when the economy remains in a moving competitive equilib¬ 
rium? Does this not indicate that l)^, is an unacceptable measure of 
absolute or intersectoral differences in productivity—-that we should 
be looking for something else? 

We will show next that, on the contrary, I) y, ( has a very sensible and 
straightforward economic interpretation that emerges from elemen¬ 
tary economics. That interpretation also tells us more about the role 
of the base-year index. The picture that emerges is, in brief, the 
following: In competitive equilibrium the deflated index, D/„, for each 
sector grows at the same rate as an average of the rates of physical 
productivity growths of the economy. Moreover, the absolute value of 
each Dr s , is equal to the real earnings of an average input in the 
economy (the real wage in a one-input model). In sum, the market 
mechanism readjusts the prices of the dif ferent products with their 
different growth rates of physical productivity so as to shift inputs 
and quantities consumed in such a way that the growth in marginal 
welfare yields of all the inputs is equalized, in effect, then, the com¬ 
petitive mechanism translates the physical growth achievements of 
the economy into increases in welfare contributions of inputs and, in 
the process, equalizes them. 

Thus the tendency toward equality of the l)j„ does not make non¬ 
sense of them. They are legitimately interpretable as measuies of the 
economy’s mean standard of teal compensation of an input, that is. 
of its average living standard. Moreover. /). is ihe'Tmht" measuienl 
the sector’s economic productivii* ' 
miscellaneous physical objects 1 . 
consumers desire them. Rath* 1 
product as it is currently evalua: 

In short, in economic terms, tin 
just about the only measure that 
absolute productivity. If it does 

ences in absolute productivities .. 

those differences are simply not theie. 

Thus, as will now be shown in somewhat more detail, the equalitv of 
Df tl in all economic sectors is no quirk ol the measure, but an a* cm ate 
description of an underlying behavioral phenomenon. 1 he explana¬ 
tion, as already indicated, lies in the workings of the invisible hand, 
which adjusts prices and reallocates input usage and consumption 
patterns to adapt them to changes m the pertinent relative producliv 1 - 
ties. Price reactions have already been discussed, and the behavior ot 
input usage is also straightforward. Every elementary textbook re¬ 
minds us that the competitive mechanism tends to reallocate inputs 
whenever such a transfer increases iheir marginal value products. 
Thus, suppose the marginal value productivities of labor in sec tors * 
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and s' were equal in period t but that in ,s rises in the next period while 
that in s' remains constant. We then expect a shift of the labor force 
from s' to s up to the point at which its marginal revenue product in 
the two sectors is equalized once again. 

Of course, this does not mean that the pattern of physical produc¬ 
tivity growth will control these movements by itself, because as we 
have noted, relative price in the sector whose physical productivity 
lags will rise by an amount corresponding to its rising relative mar¬ 
ginal cost, and it is the marginal value products, not marginal physical 
products, that are equated by the reallocation ol inputs. Yet it remains 
true that input usage will be adjusted by market forces to intersectoral 
disparities in productivity growth, and that at the margin it will tend 
to iron out these disparities. 

But how can the relative welfare contribution of the inputs ol a 
sector that is lagging in physical productivity be adjusted to rise com- 
inensurately with that in sectors whose productivity rises rapidly? The 
answer is that the equilibration process shifts not only inputs, but also 
consumers, among the different output sectors. Rising relative prices 
in the mote stagnant sector drive away those consumers who derive 
relatively little benefit from its products, leaving behind only those to 
whom their value is relatively high. For example, the incteasing rela¬ 
tive costs and prices that have characteri/ed the pet forming arts 
throughout much of their history have presumably driven out of the 
audiences those who previously were on the borderline between at¬ 
tendance and other activities, leaving an audience composed increas¬ 
ingly of hard-core lovers of music, chamu. or dance. As prices rise, the 
pleasure derived from attendance by a borderline potential ticket 
purchaser must therefore increase commensurately, and so the mar¬ 
ginal welfare yield of an attendee’s piesence wilt use in step with 
price. 

The intersectoral equality of the D/,,, the deflated total factor pro¬ 
ductivities, then, is nothing but a reflection of the efficiency proper¬ 
ties of geneial equilibrium under perfect competition. Inequality of 
l)/,i and £)/,■, represents an inefficiency that can be remedied by a shift 
in resources and consumers between the two sectors. 


VII. Physical Productivity Growth as the Source 
of Welfare Productivity Growth 

In this way, the competitive mechanism serves as an instrument that 
redistributes physical productivity growth, transforming it into value 
productivity growth distributed equally among all sectors. Even if 
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“physical” productivity in the services 10 had grown, not just more 
slowly than that in manufacturing, hut not at all, under perfect com¬ 
petition the equilibrating process would have seen to it that both grew 
in value at the rate of increase in real wages, xu,lp,, as (11) tells us. The 
growth of physical productivity in manufacturing becomes a sort of 
fund in which, in equilibrium, both manufattuting and the services 
share equally. That is the meaning of (11) and the conclusion that 
value productivity will proceed at the same pace in all sectors. 

While increased welfare is, from our point of view, the objective of 
productivity growth, we will show next in what sense its source is the 
(uneven) expansion in physical productivity that can be evaluated by 
the base-year measure, This is all expressed formally w ith the aid 
of a straightforward proposition, ft is easy to prove that if we select as 
tlte price indices used in defining D y,, and l)/, the Paasche index num¬ 
bers using current outputs and inputs as weights (and again ignore 
the traditional problems of index numbers, particularly if tastes 
change), then for the economy as a whole the index of physical pro¬ 
ductivity, li/i, and the index of discounted productivity, I)/,, must lie 
identical. That is, we must have 
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We obtain directly, from the definition of the Paasche index, sum¬ 
ming over all t, k. 
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as equation (12) asserts. It follows from (12) that for the economy as a 
whole the two productivity figures must grow at the same percentage 
rate. Thus, if the economy’s overall physical productivity were con¬ 
stant (d In Bf, = 0), then in competitive equilibrium the growth of 
deflated productivity, D /l( = w,lp„ must be zero in every sector, s. 
Similarly, when d In B jt ¥=■ 0, in competitive equilibrium each D/„ must 
increase roughly as the average Bj ,, does (unless this effect is offset by 
productivity-changing shifts in the allocation of inputs), as the Ap¬ 
pendix shows. Thus, (12) is basically the formal justification of the 
parable in which Bj sl is used to measure the source of growth in wel¬ 
fare productivity, while D^, indicates the way in which it is redistrib¬ 
uted and diffused through the economy by the market mechanism. 

VIII. Concluding Comment 

Our search for a measure that permits comparison of the absolute 
productivities of different sectors of the economy has, we believe, 
been illuminating. But in one respect it has clearly been a resounding 
failure. For the one thing we have failed to provide is a measure on 
whose basis it is possible to say convincingly that sector a is 1.5 times as 
productive as sector b. In retrospect we are convinced that the 
difficulty is inherent in the nature of the issue—which requires us to 
compare the apples and oranges that are the produce of the dif ferent 
sectors. As we know, in economics a significant comparison of apples 
and oranges ti possible, but only in terms of the values of those items. 
There, however, is the rub, because we have seen that once values are 
used for the purpose, we are driven to the conclusion that absolute 
productivities in different sectors have an inherent tendency to equal¬ 
ity. This conclusion, it has been shown, is economically defensible. 
But it cannot be very satisfying to those who wish to make absolute 
intersectoral comparisons with the aid of input and output data. 


Appendix 

Overall Productivity Growth as Average of Sectoral Physical 
Productivity Growth 

It was asserted in the text that the market mechanism serves to distribute 
equally, in value terms, the differing physical growth rates of the various 
sectors. In this Appendix this relationship is derived explicitly," using cur¬ 
rent-year prices in the price and wage indices/*, and w, employed to measure 


11 Throughout this App. we use instantaneous growth rates sui h as pip rather than 
discrete growth rates (p, - pi- ,)//*,_ ,. For the latter the propositions do not appear to 
hold as stated. 
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the economy’s productivity in (9). In other words, we use a Paasche index of 
real wages as our deflated index of productivity, £>/„. 

Let us use an asterisk to denote percentage growth rates, so that lor a 
function f, /* = ///. As before, let B,, represent the base-year measure of 
productivity for the economy as a whole, while B^, is its equivalent for sector s, 
with fy, and Df, t interpreted similarly, and let w, — £ u'*,x*,/S and p, — X 

p,o>K be the Paasche indices of input and output prices, respectively. 

Next, we prove, using (12), 

Proposition: D*, - I)*, = H*, = 2, <p„B*, + 2, where <j>, ( = 2, es 

p,oy,J^] Pi«yji > s sector s’s share of the (base-year) value of the economy's 
output, and 0„ = 2* e . s - ui/, ( )X*i/2v* is s’s share of the value of the econo¬ 

my’s inputs. In other words, the base-year measure of physical pioductivity 
growth for the economy is a weighted average of that growth rate, B* t , for the 
various sectors (each sector weighted by its share of the economy’s output 
valued at base-year prices) plus the sum of the 0,„ the absolute rate of grow th 
of sector r’s share of the economy’s inputs, multiplied bv B t JB u , the relative 
productivity of that sector. 

Prooi: Bf, — 2 p,, ijy„/2 u>*ijx*, or (dividing and multiplying the terms corre¬ 
sponding to the outputs of sector s by 2* es «'*<>**<), 
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As we have seen in the text, B t JB lt is not to be tnterpieted as a nieasine of 
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the relative productivity level of sector s, but as a measure of its relative growth 
rate since the base period. Thus, (16) tells us if there is an increase in the share 
of output, <j),„ of the sectors with a currently rapid rale of physical productiv¬ 
ity growth, B*i, or if there is an increase in the rate of growth in the share of 
the input value, 0,„ of the sectors with outstanding recent growth records, 
that will contribute to B which, by (12). is equal to D*,. That is how physical 
productivity growth in the various sectors is translated into the unifoim value 
growth rate, I)*, - (w,lp,)*, for every sector ol the economy. 
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Price Leadership and Dynamic Aspects of 
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[ his study, which covets a sample of 3M four-digit industries taken 
I loin an exhaustive set of -150 four-digit industiies, shows that in¬ 
creases in c oncenli at ion associated with rising productivity occur 
mainly ill low-coni enliation industries, while dec teases in concentra- 
tion associated with rising productivity occ.ut iiiainh in higli- 
concenlration industries. 1 he empirical results ol this studs indi¬ 
rectly lend support to a plausible hypothesis that a small gtoup ol 
linns makes a big impact on the pioductis us of an initially uncoil- 
ceiiliated industry and diet eb> c oncenttates it Later, the small In ms 
imitate the noyv big firms, and coucenti.ition goes down while j>i«>- 
ductivitv keeps lismg. 


I. Introduction 

No field in the industrial org.n 
of welfare losses due lo ohgop 
yy'rites that "the reader has by 
inand strong justification fm 
justifuation for eniciing is tli... 
concentration that are associated 

mainly in low-concentration industiies. wlnie du n . - .. 

tion that are associated with rising productiyity ocim mainly tit lugli- 
concentnilion industries. This empirical finding may he explained In 
an argument that a small group ol innoy.ttise and elite tent Inins 
makes a big impact on the prodmiiyiiy of an initially uni one etitrated 
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industry and thereby concentrates it. Later, the small firms imitate the 
now big firms, and concentration goes down while productivity keeps 
rising. 

In order to estimate empirically the link between concentration and 
efficiency, I extend my study of U.S. food manufacturing (Gisser 
1982) to include all U.S. manufacturing, covering a sample of 314 
four-digit industries taken from an exhaustive set of 450 four-digit 
industries. Demset/ (1973), Pelt/man (1977), Lustgarten (1979), and 
Kendrick and Grossman (1980) demonstrated that positive changes in 
concentration ratios in manufacturing industries are associated with 
increased efficiency. Empirically 1 confirm their results by utilizing a 
larger sample of industries. I differentiate my product, however, by 
utilizing a price leadership model in order to shed light on the differ¬ 
ent empirical results obtained for low-concentration industries as 
compared with high-concentration industries. 

To anticipate, my basic empirical results are that the increased pro¬ 
ductivity is greater it the increased concentration comes in a low- 
concentration indust!y. Declining concentration enhances productiv¬ 
ity too, hut only if it occurs in a highly concentrated industry. 


II. Measuring Efficiency Gains and the Dynamic 
Aspects of Oligopoly 

A. Concentration and Productivity 


Following Solow (1957), 1 apply a simple procedure (or measuiing 
total factor productivity (TFP) involving a neutral shift in technology: 


£ = A 

Q d 




(i) 


where Q is output; L and K denote labor and capital, respectively; 
AIA measures (lie neutral shift in the relevant pioduction function; 
and a is (he share of labor in the production costs. In order to test the 
hypothesis that productivity is associated with concent!ation, die fol¬ 
lowing equation is offered lor an emphual test: 

A - r(fi. O.J:. <;). (2) 

where A/A is given by equation (1); QJQ is the rale of output growth; 
C is the concentration ratio; l) } is a dummy variable that assumes a 
value of one for increasing concentration ratios, zero otherwise; and 
is a dummy variable that takes on a value of one for decreasing 
concentration ratios, zero otherwise. Although scale economies are 
absent in equation (1), following Lustgarten (1979), I include QjQ as 
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an exogenous variable in equation (2). The motive for the inclusion is 
that the presence of scale economies makes productivity changes a 
function of real output growth. However, since the inclusion of QJ() 
raises serious statistical problems, 1 regressions are run once wiih (HQ 
and once without. Indeed, the omission of ()/Q improves the estimate 
of the regression coefficient of I) 2 C in tattle 1. 

B. The Data 

The nature of the available data forced me to settle for the period 
1963—72. Of the total 450 four-digit industries, 135 industries were 
dropped because of changes in classification between 1963 and 1972, 
or for similar reasons. U.S. Bureau of the Census (1976, “Concentra¬ 
tion Ratios in Manufacturing," table 5) provided the basis for deter¬ 
mining which industries to drop. 

A detailed discussion of the raw data and how they were t(inverted 
into input data for the regressions is available in Appendix A. 


C. The Statistical Association between Concentration 
and Productivity 

Kendrick and Grossman (1980) regressed productivity growth in 20 
manufacturing industries on variables such as the lomenuation ratio, 
unionism, and expenditures on R ft 1). Omitted \atiables, stub as 
unionism and R & I), are woriisome onb - ' ' 

with included variables. Kendra k • 
and R tk I) are each positively cot. 

Note, however, that the regressxn 
in the Kendiick and Grossman 
unionism probably biases the co¬ 
don. The regression coefficient 
man regression is positive; thus my - 
the coefficient of C in the positive direcin-i, 

of unionism and R ft D significantly biases eithei 1),C <>i 1)J. in no 
study. 2 

The results for 314 industries contained m table 1 ionium, first, the 
hypothesis that in manufacturing industries increases m concemta- 

1 Spurious correlation between q-Cf and \/.\ mas e\isi I line is also the piohlein o! 
incorrect identification. For a more detailed disc usmoii. see I ii'igarten (lUT'.l. p 1 ST i 

2 I calculated die correlation coefficients In-tween and /!,(■ and ( and 1)4' at tl'i 

and — Iti, respectively, t'.oiisider, e g . die impact ot onuiimg R X: l) on tile icgicssion 
coefficient of /I, C, L.et 1, 2, and It siaiid for I),( . and K X I) I lien the mecpiahtv il ■- 
r].j + r 2 ,, + - Ifr,r I,r,( -6 I plac es .in upper bound on > M . die bi^bci - .die I--wei 

is the upper bound. In die limiting case w lieic iis cinilv. i,, is etpi.il to i,... w Inc li is tr¬ 
ill this case. 
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i9) * 1463 - 72 . 314 / noc / s/rus 

Rm.KJ-SMON JcSI I MAI KS Of £gi AffON (-i. 1 


Regi cession 


Constant 

q/Q 

o,c 

dJ: 

<: F 

11- 

— 

— 

■ - - 



1 .dtwii FiocIucliviC) 





_ _ 

__ 

— 

-- - - - - — — 

— 

1 

Coeffit lent 

748 

337 

1 1 15 

074 

017 78.182 

503 


f-rdtio 

.1 240 

19.379 

0 152 

308 

3.464 


2 

(ieiil 

1 ..541 


1.227 

— 561 

.023 14 493 

.123 


/-ratio 

r, 3 tr> 


5.107 

- 1 777 

3 52(1 






rm.il Facim 1’ 

xxhiuivily 


3 

( .net he lent 

.210 

308 

.854 

.011 

014 18.564 

386 


M ado 

■Ml 

12 1-17 

■4.171 

.041 

2 465 


t 

Ccjeffk tent 

1 010 


t»50 


0 014 8.742 

078 


/-i alio 

3 278 


3.823 

- 1 732 

2 820 



* VI - 11,1 4 rl]lCi/yi 4 ) 4 «.(/).( | 4 «,< 


tion ratios arc associated witli increases in factoi productivity and, 
second, the hypothesis that, concentration ratios are associated with 
increases in factor productivity, in all four regressions, the coefficient 
of D | ('. is significant (one tail) at the 0.5 percent level or better, and the 
coefficient of C is significant at the I percent level or better. I he 
impact of omitting ()/Q (regressions 2 and 4) upon the coefficients of 
0 1 C- and C is relatively small; but the coefficient of D>(’. switches from 
positive and insignificant to negative and significant at the 5 percent 
level. When labor produc tivity is replaced by total factor productivity, 
the regression coefficient of l)\C declines slightly from 1.1 15 in re¬ 
gression I to 0.854 in regression 3. The regression coefficient of ('. 
follows a similar pattern: it falls slightly from 0.017 to 0.014. The 
significance of the regression coefficient of ('. is somewhat surpiising; 
this coefficient is hardly significant when the same test is applied to 
food manufacturing data (Gisser 1082). I he decline of the regression 
coefficients of I)\C and (' when total factor productivity replaces labor 
productivity may fie explained by the fact that the process of disc ov¬ 
ering new technologies absorbs additional capital, or that it is labor 
saving, or both. 

Pelt/man (1077) and Lustgarteu (1079) estimated the effects of 
changes in concentration on changes in unit costs. I confum their 
results by estimating the effects of changes in concentiation on 
changes in factor productivity. In so doing 1 follow Kendrick and 
Grossman (1980) witli two exceptions: my data refer to four-digit 
industries rather than two, and I have added to their regression the 
rale of change in concentration as an independent variable. 
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D The Dynamics oj Oligopoly: A Plausible Hypothesis 
and Some Evidence 

[ would like to test the following plausible hypothesis: A small num¬ 
ber of firms, known as the leaders, invent a relatively more efficient 
process of production. Their marginal cost curve shills downward 
taster than the supply curve of the rest of the industry. As a result, 
with the passage of lime, their share in total industry output increases, 
thus causing the concentration ratio to rise and leading to higher 
profits lor the leaders. This raises the appetite of the other firms, 
known as the price takers, which by now have had time to decipher 
the technological secrets of the leaders and adapt them to their own 
processes of production. Their supply curve now takes a turn in out¬ 
stripping the decline of the leaders’ marginal cost, thus causing the 
concentration ratio to assume a falling trend. * 

If this hypothesis is plausible, then we should expect the statistical 
association between AtA and D t C to be positive and relatively strong 
in industries with low concentration ratios and relatively weak in in¬ 
dustries with high concentration tatios. Conversely, the statistical as¬ 
sociation between A/A and D ,C would be expected to be negatise and 
relatively weak in industries with low concentration lalios and rela¬ 
tively strong in industries with recent increases in C. approximated In 
industries with high concentration ratios. To test the hypothesis, 1 
partitioned the sample of 311 industries into two subsamples: liist 
256 industries with C (id peicent, and second 58 industries with (' > 
60 percent. 1 he results of estimating <o'. ' 1 

separately are shown in table 2 
D\C for the low-concentration 
significant with /-ratios of 1221 
respectively. Tor the group with fi¬ 
t-ratios diop to 1.527 and 0.705 u 
The regression coefficient of h 
concentration group with/-ratios ol 1 i_ 

1 and 2, respectively. Moieovei. in legicssim, 1 tin. , 
has the wrong sign. It has the correct sign in both regressions 3 and t 
and although its t-iatio in regression 3 is only - 1.521. it rises to 
-2.114 in regression 1. While such a statistical test is fat Irom (oiiclu- 


( I tie plausible by polht'sis rrml.tins some Si humpctei iau elements i I fit'C p I S.li. hut 
I slopped short ot railing it a Sr humpeleriaii Inpothesis berause. as pointed mil to inr 
by Clcolge Slight and an anonymous reader, there is no duett proof that small funis 
ropy the innovations ol laige hi ms Data based on loul-digit indnsliirs allow onl\ an 
indited inlcience, In test iigorrmslv l he Sr humpetciiun h\|*»ihrsis onr shoulrl si inn 
sepaialt'ly (oi eat It indusliv tin 1 rules and assorluted set ol dates 
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TABLE 2 

Regression* Esiimai'lsof Equaiion (2),* 1963—72; Total Factor Productivity 
TOR AND Low-CoNaNlRAI’ION Industries 


Regression 


Constant 

Q/Q 

D,C 

nj: 

C /■ 

R 2 





C '■ 

60 (256 Industries) 


1 

Coefficient 

.326 

.295 

.854 

319 

.016 44.480 

.415 


/-ratio 

1.113 

11.675 

4 221 

1.123 

1.854 


2 

Coefficient 

.897 


1 000 

-.130 

027 9.025 

.097 


t-i atio 

2 508 


3 997 

-.371 

2.616 






C > 60 (58 Industries) 


:i 

Coeifit tent 

-3.779 

353 

1.237 

- 1.237 

.057 7.449 

360 


/-ratio 

- 1.457 

4 560 

1 527 

- 1.524 

1.708 


4 

Coefficient 

-2.143 


.660 

1.965 

.054 2.197 

.109 


/-ratio 

-.714 


.705 

-2.1 14 

1.391 



Noil how M sis /■ (*1,101), i4'gr<‘s\ion \ t.ihlf ) .iml 1 egressions 1 .mil 1 table 2 2 0|1, h (4,106), rcxicsstmt 4, 
table I and iegic*>woi?i 2 and I. table 2 2 5 r il> 

* VA " do + + «»(/)>/,') + /i|f 


sivc, ii nevertheless lends support to what might be called the dynamic 
hypothesis of oligopolies. 1 

The Chow tests presented at the bottom of table 2 reveal that the 
null hypothesis of no structural shift between the low-concentration 
industries and the high-concentration industries can be rejected at the 
f) percent level when Q/(7 is omitted from the regressions and at the 10 
percent level when QIQ is included. These results render the previous 
conclusions more robust. 


III. The Price Level and the Dynamic Aspects of 
Oligopoly 

In the short run, a rise in productivity associated with increasing 
concentration leads to a downward shift in the aggregate marginal 
cost curve of the price leaders, and it must result in a falling price. 5 In 


' The selection of the fit) percent cutoff point is arbitrary. 1 <h<l not select the more 
traditional 70 percent rutoll point in order not to exclude some industries whose 
concentration ratios might have reached a peak in the 60-70 percent range. The 
results of selecting a 70 percent cutoff point are contained m App. B. When Q/Q is 
included in regressions I and 3, the results are as expected, except that the highly 
toncentialcd industries come out with significant coefficients for both D|C and f) a C. 
When Q/Q is omitted in regressions 2 and 4, the results emerge far more robust than in 
table 2. 

5 Falling prices are not the only consequence of increased productivity associated 
with increased concentration. Another possible consequent e could be a shift in demand 
due to improved product. Unlike falling prices, this would be difficult, if not impos¬ 
sible, to quantify. 
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the long run this is true only ii the monopoly power is not increased 
sufficiently. Thus, to confirm the hypothesis that increasing concen¬ 
tration is associated with an increase in productivity, we must show a 
strong and negative relationship between rising concentration and 
price changes. 11 Following Eckard (1981), I estimate the contribution 
of industry i to a change in price level by R, as 


VA'jq] _ VAj/VA" 
VA'Hq" q'jtf 


(3) 


VA}/VA? is the ratio of the value added for good 1 at the end of year 
1 to the base year. The data for value added were obtained from 
the U.S. Bureau of the Census (1966; 1976, table 3). In order to free 
the measure R, from the general inflation, this ratio is divided by the 
increase in the implicit price deflator between 1963 and 1972. The 
ratio is calculated from production indices the derivation of 

which is set forth in Appendix A. In order to test the hypothesis that 
increasing concentration is associated with (ailing prices, 1 denote the 
annual percentage change in R by R/R and offer the following equa¬ 
tion for an empirical test: 


R 

R 



D\C, IhC , 



(4) 


The results are piesented in table 3. First note that the coefficients of 

both D\C and D^C are significant in hot h 

of D\C is negative and consistenth 

value. This suggests that an incre 1 

age point is expected to result in a ' > 

productivity increases translate un- 

The coefficient of 0 2 C is positive.. 

from the regression. Since I am 1 . 


fi Such a negative relationship between rising rniHCiuratinn amt the puce lccd will 
also shed light on the lively debate concerning the nnpac t of rone enn.ition on inflation 
Eckard (1981) investigated empirically the relationship between com enlialioii changc ■ 
and inflation. His study covers the periods 1958 68. 1963-67. and 1967-72 Mv snide 
covers the period 1963—72 By employing various statistical pioccduies other than 
regression analysis, Eckard shows that a positive relationship evists between negative 
concentration changes and inflation and a negative relationship evists between positive 
concentration changes and inflation. By applvmg legresston analvsis to mv sample of 
314 four-digit industries. I am able not only to lend suppeut to Eckartls conclusions, 
but also to show that industries with a relativelv high level of conceniiaiioii (L) contiib- 
ute to a significant reduction in the puce level It is worth noting that Eckaicl wrote his 
artirle in response to a theoretical article in which Johnson and I showed that, retells 
paribus, an increase in concentration would result m tmlv a minute rise m the puce 
ievel (Gisser and Johnson 1979). Our celci is paribus cov t ied the state ol the art (tt-c h- 
nology), among other things. We have not been in anv chsagieemeiit with Eckard. 
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TABLE 3 

Rix.rlssion Es 11 ma 1 ts oh Equation (-4J.* 1963-72. 314 Indus rtttu 


Regression 


Constant 

m 

o,c 

D,C 

C 

F 

R J 

1 

Coelfic ient 

1.040 

- 207 

-.586 

534 

- .023 

39 266 

.337 


/-ratio 

4.558 

-9.582 

- 3 271 

2 240 

-4.906 



2 

Coefficient 

521 


- 654 

925 

- .027 

16 822 

.140 


/- tatio 

2.069 


-3.217 

3.462 

- 4.989 




* /'('/( = «„ I «,tQ/Q) I ) + ail r>-,( > + «,( 


correctly specified, I can only conclude that this coefficient is positive 
and significant and that its value lies somewhere between 0.5 and 1.0.' 

The results of testing the plausible hypothesis are contained in table 
4. The tegression coefficients of /)|C for the low-concentration group 
are negative as expected and highly significant, with M alios of 
-2.874 and —2.967 in regressions 1 and 2, respectively. For the 
group with high concentration the values of the /-ratios drop to 
- 1.776 and -1.489, respectively. The regression of DjC is 
insignificant for the low-concentration group with /-ratios of 0.498 
and 1.530 in regressions l and 2, respec tively. It has the expected 
positive sign in regressions 3 and 1, a tobust result as indicated by /- 
ratios of 3.644 and 3.994, respectively. 

[ lie Chow tests presented at the bottom of table 4 reveal that the 
null hypothesis of no structural shift between the low-concentration 
industries and the high-concentration industries can be rejected at the 
1 percent level. Thus the regression estimates in this section lend 
additional support to the plausible dynamic hypothesis, which was 
confirmed by testing a different model in the previous section. 


IV. Summary and Conclusions 

A sample of 314 four-digit manufacturing industries was used in 
order to investigate the statistical association between concentration 
and efficiency. By estimating Solow-type technological changes be- 


1 A surprising le.sult is that the <oeili<iem of ('. is loughly etpi.il to —0.023 and is 
statistic ally more significant iliun the coclhcients ot I) t C and !) ,(.. It implies that indus¬ 
tries that have reached a high level of concentration devole more el ten t to discos ci > ol 
new cost-ieducing technologies than industries wilh low concentration levels Etkaid 
concludes: "In fact, the evidence suggests that neither increasing nor relatively high 
concentration is associated with ‘had’ inflationary performance Policymakers will have 
to look elsewheie tor a cme lor inflation" (1981. p 1030). My conclusion is sliongcr, 
i e., that policymakers may derive comfort tiom the unambiguous 1 egression results 
that suggest that Irolh increasing and relatively high toiiceniiauon are associated with 
“good” inflationary performance. 
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TABLE 4 

Recession Estimates ok Kqcauon ( 4 ).* 1963-72 eok Hic.n- amj 

LoW-CoNC EN I RATION ! MIL'S I KIES 


Regression 


Constant 

Q/Q 

Oid 

oj: 

C F 

/d 





<: -s 66 

' (2T>6 Industries) 


1 

Coeffu K*m 

1 121 

— 222 

- :>i i 

.109 

- 030 37.450 

374 


/-ratio 

4.354 

-9981 

- 2 874 

.438 

- 4 054 


2 

Cocfh< tent 

.691 


.621 

447 

- 039 12 020 

125 


/-ratio 

2 309 


- 2 907 

I 530 

- 4.158 






('. > 60 ( r >K Industries) 


3 

Coefficient 

5 391 

- 1 10 

-1.136 

2 376 

- .074 6 884 

311 


Matin 

2.586 

- 1 769 

- 1 776 

3 644 

- 2 761 


4 

Coeffu icni 

4.880 


- 976 

2 603 

074 7 774 

304 


Maim 

2.319 


- 1.489 

3 994 

- 2 681) 



Soil - l fum u*sis /■ (“» 'tUf), ic^it'ssioii I, table 'l ,11 wl itnusM*ms 1 uni i.ihlt l |'VVJ b t 1 Who i<gussmn'2 
table 3 aiul irgussions 2 ami 1 table 1 I hti> 

* RIR ~ fii) + 4 n.ji l) t (.) 4 ) e /j (<- 


tween 1963 and 1972, I was able (o confirm what was shown earlier by 
Pell/man (1977), Luslgarten (1979), and Kenchick and Giossmau 
(1980), namely, that increasing concentiation is associated with in¬ 
creased total input productivity, f obtained better results for labor 
productivity than for total factor produc tnitv. an indication dial 
efficiency does not tome free, and n >' 
saving. 

By investigating low-toneenttu. 
concentration industi ies, I was 
dynamic hypothesis that initialh ! ' 
opment of new technologies and 
manage to increase their market ■ 
appetite of the rest of the prie e take > > ■ 
to learn, they emulate the leadeis and u,, . 

market. The implication of this dvnamii model is that snpeinoim.il 
profits constitute an incentive lot technological innovation rathci 
than a mere welfare loss to society. 

The dynamic hypothesis above is summarized In figure 1 l)„ is the 
market demand, and ,3 is the supply of the small firms. /)" is the net 
demand curve confronting the innovating leadeis in the industry. In 
absence of any association between concentration and efficiency, and 
if for simplicity collusion among the leaders is assumed, the price 
would be set at P,„ and the concentiation latio would be B f'/.TT in 
figure In. But if concentiation and efficiency go hand in hand, the 
intertemporal shift of the aggregate niaiginal cost curve of die lead- 
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Kk. 1—A grume! i ir illuslialioii <d ihe plausible hypoihesis. Curves are drawn as 
linear lor geoinrlrk lonvenieme ami rlariiy. All curves are long run 


ers who invest in a new technology exceeds the intertemporal shift of 
the supply curve of the small linns. This is depicted in figure 16 by a 
net shift from A/C, t to MC { . Consequently, the concentration ratio 
rises to FF,/EF (FT < KB). It is not unlikely that, as shown in 16, the 
shift in the marginal cost of the leaders would be sufficient to restore a 
competitive price P ,, or even a lower price. 8 The second phase in the 

K Consider an average industry with an aggregate demand and marginal cost curves 
of unitary elasticity Assuming a Cobb-Douglas production function the aggregate 
marginal cost fuiulion of the Icadeis is dcsctibed by Q = GK li 4 £> (MC)*, wheie K is the 
production-function shiftei. If the gams ftoni concentration efficiency arc to restore 
the competitive price /*,, K must increase until the marginal cost curve of the leaders 
shifts downward to position MCt in pane! b of Hg. 1, where it cuts the leaders’ marginal 
revenue cuive at point H. Utilizing the above equation of the MC curve, rl can be shown 
that to shift the marginal cost curve from MC 0 to AfC, K must increase from I to 1.1186. 
During the 9 years under study, the concentration ratio increased at an annual rate of 
0.73 for the 157 industries with a positive C. This means that fiotn 1903 to 1972, fot 
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cycle occurs when the small firms copy the technology of the leaders: 
they then benefit from a net intertemporal shif t of their supply curve 
from So to S| in lc. As a result, the leaders’ net demand decreases 
from D," to D\\ the price further falls to /\\ and the concentration ratio 
reduces to a level JKlTK (the share of the leaders declines by KL in 1 d). 

Employing the same sample in order to study the impact of concen¬ 
tration on the price level provided an alternative empirical con¬ 
firmation of the hypothesis that concentration and efficiency are posi¬ 
tively correlated. Moreover, it confirmed the dynamic hypothesis of 
oligopolistic behavior with more robust results. 

My major conclusion is that antitrust agencies should not attempt to 
restrict concentration by restructuring manufacturing industries. 
Such attempts might deprive society of the apparent benefits associ¬ 
ated with intertemporal changes in the concentration of these indus¬ 
tries. 

Appendix A 

The Data 

Annual percentage changes in output (QjQ) weie calculated (tom cioss- 
weighted production indices taken from l.' S Korean of the Census <1973, 
table 3, 1977, table let These data. I admit, ate not of ihc highest <|iiahl\ 
mainly because the census people estimate output In deflating the value of 
shipment by various price indices that impellents man It the SIC four-digit 
industry definitions This point was disc ussed n; ■' , l't"'h I In- 

scope of my study necessitates the use 1 
data do not exist at the four-digit li v 

Annual percentage changes in l.il 
data obtained from U..S. Biue.ui ol - 
table IV, 197(5, “General Sumnuiy." t.. 
of man-hours provided by prodo- 
changes of nonprodurtion emplon i 
average of the two was calculated ! 
the ratio of the total wage hill of pn 
base yeai and end of yeai and then a> 


these industries the concentiation r.iuo rose tv 57 pciccniagc |miinv In table 1 ilu 
smallest coefficient oi I ),C is 0 854 in regitssion 3 Alihoitgh llns coethclent tn.tv be 
viewed as a weighted avciage ol pi ie e makcis and pi u e lukei s. the positive cot lc la! ton 
between D,C and A/A lends strong snppoii to the hvpothcsis dial most ol the pn«hn - 
tivity improvement originates with the puce Ic-.ideis C-iven then 39 peicenl avciage 
share in total output, n can he shown dial e.w h jw-rc cm age pain nu lease m com enu a- 
tion is asscxialcd Willi a 2 20 pet cent inc tease in die pioduclivuv oi the leaders li 
follows that an increase of li 57 peiceniage jioiiUs in the coiuenualiou i.Uio is aswxi 
ated with a 14.45 percent slntt in die Icadeis' pioduclion turn non. loughlv vlui is 
needed to restore the roinperilive pi ice. 
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TABLE AI 

MlAN'S AND SlAMlARI) DtVIAl IONS, 314 OBSf HVA IIONS 


Variable 

Mean 

Stanilaid L)ev 

m 

3.831 

4.630 

IJL 

.740 

3.601 

KIK 

4 258 

5 426 

AL\ (labor) 

3 085 

2.475 

A/,4 (total) 

2.26*1 

2.513 

»,/: 

.364 

595 

Lh<; 

- 278 

458 

C 

39 250 

20.880 

hut 

- 1 041 

2 116 


Annual percentage changes in capital input (K/K) were deiived (rout data 
taken it out the Animal Suivry oj Manujactuies (1968, chaps, (>, 7, and 1078). 
The value of capital input was estimated by adding 10 percent of gross book 
value of depreciable assets to expendtlutes for new plant and new equip¬ 
ment/’ l igtues for 1972 were deflated bv the implicit (INI’deflator lor gross 
private fixed iioitieMtlcntiul investment. 

Annual percentage shifts in the production function (A/A) were calculated 
by subtracting the weighted aveiage of /.//. and KtK from Q/Ck as shown in 
ec|tialion (I). Figures provided by Kendrick and Giossman (1980, tables 2-3, 
p. 27) weir utilized to estimate the weights, denoted by or I hese figures are 
available only at the two-digit SIC. 

ConcenI i at ion latio (C) is defined as the share of shipment value accounted 
for by the four hugest companies Data were obtained front I'.S. Bureau of 
the Census (I97(i, "Conccuttalion Ratios in Mamiiat till ing," table* 5), and 
given as pet cottages. C is the average ol the concentiation ratios m l lie base 
year and the end-of-period year. 

Change m toncenti.ilion ratio ((,) is defined as the change in concentiation 
over the cflange in lime (in yeais) It can he expressed as C — (\(l)l(\l) As ail 
tlhislralion, lot SIC 2011 the cone conation iatio loll From 31 potent m 1903 
to 22 pet cent in 1972. Hence ('. was calculated as (22 - 3!)/9 - - 1. Census 
concentration data sutler mainly by ignonng impoils and by assuming na¬ 
tional market definitions. Sc hu.tit/m.m and Boded! (1971) computed die 
weighted average local concentiation ialios ol local ituUisliies with corre¬ 
sponding national concentiation ratios in 190.3. They found that the average 
local concentration ratio in regional inanulactining industries exceeds the 
national concentration ratio. When they adjusted the national average of 37 
percent by substituting die legional anil local concentration ialios lot the 
national concentration laliosol regional and local mdusliies it increased by 5 
percentage points. This means that the data (or concentiation ((.') are some- 


1 Information about rental |iay incuts made during the yeat is a legitimate component 
of capital input. I opted not to utilize it because it was not available in about ball ol the 
lout-digit indiismes. In 37 industries, capital input does not include 10 percent of gross 
book value of depreciable assets because the data wete lacking 
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what Hawed, but the bias cancels out in the data for ihe change in concentra¬ 
tion (C). This is not correct if impoits have been changing rapidly over (he 
period (e g., automobiles) or if technology has changed the extent of the 
geogiaphic market over the period (e g , beer). J he failure to consider ex¬ 
ports causes similar problems. 


Appendix B 

Rec. mission Esiimaiis or Equation (2),* 1063-72. 314 IsnrsiKUS 
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Recently a rapidly growing line of research has appeared concerning 
the rigorous use of aggregation and index number theory in (lie 
construction of monetary aggregates based on Diewert’s (1976) 
“superlative" class of quantity index numbers. Research on this appli¬ 
cation of the superlative class was motivated by and built on Barnett's 
(1980ei) proposal and initial results. 1 2 Barnett (1980«, p. 118; 1981«, p. 
221) proposed use of either the Divisia or Fisher ideal index for 
monetary quantity aggregation. Since all such index numbers in the 
superlative class move very closely together (and are in fact usually 
identical, to within round-off error, for monetary asset data), the 
choice among elements of the class is little more than aibitrary. 
The purpose of this article is to provide a quantitative assessment of 
the relative merits of the official (summation) versus Divisia monetary 
quantity indexes, constructed with the same components and compo¬ 
nent groupings. The sample for the comparisons consists of quarterly 
data from 1959 through the end of 1982.‘ 

II. History and Objectives 

Although many types of financial intermediaries and moneiaty sub¬ 
stitutes have evolved over the past 50 years, most economists have 
placed little faith in broad monetary aggregates, since summation 
aggregation has long seemed inappropriate at high levels of aggrega¬ 
tion over imperfect substitutes. Friedman and Schwartz (1970, pp. 
151-52) clearly described the problem with the high-level official 
aggregates: 


1 Sonic of ihc touml.nions of this ioc.mli att- contained in Barnett (I07S, 1080a, 
198) a , 19826, 1983//) awl Barnett awl Spindt (1979), and an ovei i iew of i hai litei amre 
is contained in Barnett, Offenbachei, and Spindt (1981) 1 he fi i si othc uil souice o( I he 
histoneal data, supplied tor 19B9-81. is Barnett and Spindt (1982), which is available 
on request at no tost fioni the Publications Serines Depuitment at the Fecleia) Reserie 
Boaid in Washington. Data for 1979 83 are supplied m ilie app o{ Bai nett (19816). 
1 he complete data scries, continually updated to the latest month, aie available to 
subscnbeis to the services of Data Resouu.es Incorporated (DRI). 1 hose senes are 
located in DRI data bank USLMS/DA FA under the series names JM1D, JM2D, and 
JM3D lor Divisia Ml. M2, and M3, icspcclively Related research includes Mamies 
(1930), Chctty (1909, 1972); Friedman and Schwartz (1970), Bisignanu (1971), 
Moroney and Wilhiatle (1970), Barth, Kralt, and Kraft (1977), Donovan (1978), <)f- 
fenbacher (1979, 1980); and Bat nett (19806) For a unified overview of all that litera¬ 
ture, see Rainett (1984a). For a discussion of the recent behavior of the Divisia mone¬ 
tary aggregates, see Dor! man (1983). 

2 I he original results iri Barnett, Spindt, and Offenbac her (1981) used quarterly data 
ending in 1980. In the present paper we have updated all of the results except those in 
table 2 and Sec. VIB2. 1 be computer progiaim needed to update those results weir 
unavailable to us when we updated our other results. 
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This [summation] procedure is a very special case of the 
more general approach. In brief , the general approach con¬ 
sists of regarding each asset as a joint product having differ¬ 
ent degrees of “moneyness,” and defining the quantity of 
money as the weighted sunt of the aggregate value of all 
assets, the weights for individual assets varying from zero to 
unity with a weight of unity assigned to that asset or assets 
regarded as having the largest quantity of “moneyness” per 
dollar of aggregate value. The procedure we have followed 
implies that all weights are either zero or unitv. 1 he more 
general approach has been suggested frequently but experi¬ 
mented with only occasionally. We conjecture that this ap¬ 
proach deserves and will get much more attention than it has 
so far received. 

By equally weighting components, aggregation In summation can 
badly distort an aggregate. For example, if one wished to obtain an 
aggregate of transportation vehicles, one would never aggregate bv 
summation over the physical units of, say, subway trains and roller 
skates. Instead one would construct a quantity index (such as the 
Department of Commerce's many I.aspevres quantitv indexes) using 
weights based on the value s of the different modes of transportation. 
As another example, suppose the monev supplv were measured bv 
the Federal Reserve's < urrent highest level <>lfit i.d aggregate, /., whit h 
contains most of the national debt of shoi t and intei mediate matin itv. 
All of that portion of the national debt could be monetized without 
increasing either taxes or the "ir 
would simply have exchanged 
new Divisia index over the t< 
transfer as an exchange of "pm 
Divisia /. would rise at about d 
prices that we would ex pci. i u< 
l he traditionally eonsii titled 
M3) implicitly view distant subsiiiuus . 

for currency. Rather than capture onlv pan ot m, , .. . 

tary services, as Ml does, the luoad aggiegates swamp the nit htdt d 
monetary services with heavily weighted iioiiinonet.irv services lhe 
result no longer resembles economists' concept ol “monev Never¬ 
theless, the need remains for aggiegates di.it capture the contnbu- 


’ On the oilier hand, lhe pi ohleiin, asxni i.ilcd colli polic ns dial lai gel cu c low -lev el 
aggiegates lesnlt Iron) the inabililc ot Midi aggiegates to inteinali/r June siilisiiuinon 
elfett.s ott in i mg within the e< ononis’s (i an sat lions u , hnologc. sine e low tec el lggrr- 
gates aggregate over a small subset ol the* latlois ol |iio<liiuion in that u ansae lions 
technology. 
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tions of all monetary assets to the economy’s flow of monetary ser¬ 
vices. 

Regarding the simple sum (arithmetic average) index, Irving Fisher 
wrote over a half century ago that “the simple arithmetic average 
produces one of the very worst of index numbers, and if this book has 
no other effect than to lead to the total abandonment of the simple 
arithmetic type of index number, it will have served a usef ul purjyose. 

. . . The simple arithmetic [index] should not be used under any 
circumstances” (1922, pjj. 29, 36). 

III. The Divisia Monetary Quantity Index 

I.et m,i and v ]t be the quantity and price, respectively, of the /th com¬ 
ponent of an aggregate during period t. Tdrnqvist (1936), and subse¬ 
quently Theil (1967), advocated the following discrete-time approxi¬ 
mation to the continuous-time Divisia quantity index: 


r | 

/ m ,< 

\ Mf( + */ 

r-l) 

i i 

/ 

l »> h i - 1 

1 



where -nis the expenditure share on component 

/ during period We shall refer to (?) as the Div isia index (in discrete 
time), although it also frequently is called the Tdrnqvist index. Tak¬ 
ing logarithms of each side, observe that 

log Q? ~ 1 = ^ -v ; ,(log m, t - log nt/.i - 1 ), (1) 

/ 

where 5 ^= ‘A’(s // -t - s / t ,). The same index number results regardless 
of whether the exact aggregation-theoretic aggregate being approxi¬ 
mated is the output of a utility function or of a production function, 
l he aggregation-theoretic procedure for selecting the component as¬ 
sets is described in Barnett (1982(1).’ 

Diewerl (1976) has proved that the Divisia index lies within his class 
of "superlative” index numbers, which all are nearly identical numeri¬ 
cally. In fact, as a quantity index, the Divisia index is by far the most 
widely used element ol DieweiTs superlative class, because of the 
index’s numerous theoretical optimality properties. Those remark¬ 
able properties result from that index’s simultaneous theoretical links 

1 For details legardtng the Divisia index, see Barnett ( I982rt). Regarding aggregation 
over consumers, sec Barnett (198to, chap 3) 

’ 1 lie protcduie requires testing for blockwi.se weakly separable groupings of assets. 
Those tests requite knowledge of both the quantity and the user-cost pi ice of each asset 
that is to be considetcd as a possible element ot a weakly sepatabie group I he formula 
(or the user-cost juice of an asset is presented in the next section. A nonparamei- 
i it approach to testing lor bloc kwisc weak separability is available from Pudney (1981) 
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with the Divisia line integral, the translog aggregator function, the 
Malmquist index, and the Konyus index (see, e.g., Diewert 1980, 
1981; Caves, Christensen, and Diewert 1982ft). Recently Caves, Chris¬ 
tensen, and Diewert (1982a, p. 1-111) have proved that the Divisia 
index is “superlative in a considerably more general sense than shown 
by Diewert. We are not aware of other indexes that can be shown to he 
superlative in this more general sense.” Also observe that the growth 
rate of the index is a weighted average of the growth rates of the 
components. The weights are the share contributions of each compo¬ 
nent to the total expenditure on the services of all components. Be¬ 
cause of the availability of such a natuial interpretation and because 
of the index’s optimality properties, we advocate use of the Divisia 
index to measure the quantity of money at all levels of aggregation, as 
first proposed lay Barnett (1980a; 1981«, chap. 7). 

In order to lie able to use (1) lor aggregation over monetary asset 
quantities, we need the price, -it.,, corresponding to each component 
quantity asset, m t ,. In economic quantity aggregation, the appropriate 
price of a component durable good is its user cost. Barnett (1978, 
1980«) derived the user tost of a monetary asset and found that the 
current-period user cost, -it,,, of m„ is 

- >',/)( 1 - T,) 

" 1 + R,( I - T,) • (_) 

wheie pf is the line cost-of-living index. \,, is the own cuttent-peitod 
holding yield on component i, R, is the maximum .n ailable expet tod 
holding-period yield in the econoit" 

The corresponding real user to- 

The holding period used in d< i 
r„, which is a short rate. Details of om 
defined in Barnett and Spiudi (1982), w. 

used for the r„'s. A few of the more notewouhv details follow. 1 lit 
return on demand deposits is a version of Klein’s (197 1) competitive 
rate on demand deposits. The raw data on the other ».,'s are for 
various holding periods. Hence the unadjusted vield ditteieniials. R 
- r„, can reflect differences in term to mutuniv as well as dilfeiences 
in monetary services at the margin. However. Bat nett’s dentation ol 
equation (2) requires all yields to be for the same holding pet tod. As a 
result, all yields are converted to a 1-month holding-pet iod basis bv 
using the Treasury securities yield curve and the vield cutve adjust¬ 
ment procedure developed for the Federal Reserve's FRB-l’enn-M 1 1 
quarterly model (developed jointly by the Feelcial Reserve Board, 
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University of Pennsylvania, and MIT). The certainty-equivalence 
theory on which (2) was based required that any risk premiums be left 
within the rate structure, if freedom from default risk (“store of 
value”) is to be valued by the Divisia quantity index as a monetary 
service. We left any such risk premiums within the r„'s, although the 
components of the existing monetary aggregates all possess very low 
default risk. If the components were to be selected properly by tests 
for blockwise weak separability (as described in n. 5), then it is con¬ 
ceivable that assets such as gold or equity shares could appear in the 
nested aggregates at some level of aggregation. In such cases, the 
expected holding-period yields, r n , would depend nontrivially on ex¬ 
pected capital gains and losses and expected transactions costs. 

Observe that the “weights” are not the user costs, but rather the 
average shares, s /h which depend jointly on all quantities and user 
costs. Those share weights were not acquired by an ad hoc weighting 
scheme (such as weighting by variances, bid-ask spreads, denomina¬ 
tions, maturities, velocities, or turnover rates), but rather were de¬ 
rived directly from microeconomic aggregation and index number 
theory." Also note that in equation (1) the user costs appear only in 
the share weights, s lt , and all factors in (2) except for H , — r,, cancel out 
of the numeiator and denominator of each s /t . Hence in computing 
the Divisia monetary aggregates, we could view the user-cost pi ice, tt,,, 
as the opportunity cost. It, - r, h which measures the interest forgone 
by holding monetary asset i when R, is available. However, an excep¬ 
tion to that statement results from the fact that our implicit competi¬ 
tive rate of return on demand deposits is not taxed, while the other 
rates are. Hence it is not strictly true that all marginal tax rates cancel 
out of each 7„. We expect that this problem is not of gieat empirical 
consequence, but in future work we plan to tefine the Divisia mone¬ 
tary aggregates further by using results of recent work on average 
marginal tax rates, such as Barro and Sahasakul (1983). 

IV. Granger Causality and Prediction 
Risk Reduction 

In this section, we report the results of applying several standard tests 
of the Granger causality relation between money and income, where 
money is measured first by an official summation aggregate and then 
by the corresponding Divisia aggregate. We use three different em¬ 
pirical test procedures. 


h Sec Barnet! (19#I b, 1982a). For a general nontechnical disc ussion ol the propel lies 
and mierpi datum of the Divisia monetary aggregates, see Barnett (19836) See Bat nett 
(1984a) lot a discussion ol the vanous ad hoc weighting schemes (such as the lineal 
regression index, the latent variables index, the so-called Fisher money slot k index, A/ ( >. 
etc ) 
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The first procedure is advocated by Pierce and Haugh (1977). In 
the first two columns of table 1, we display the tail areas for Haugh's 
(1972) small-sample test against the hypothesis of independence. The 
results are provided for both 8- and 12-quarter symmetric lags. 7 In 
every instance, the hypothesis of independence between GNP and 
money, as measured by either the official or the Divisia aggregate, 
would be rejected by a test at the 5 percent significance level. How¬ 
ever, each Divisia aggregate produced a smaller test tail area than the 
corresponding official aggregate. As a result, the tail area compari¬ 
sons favor the Divisia aggregates. 

The second approach is due to Sims (1972). The tail areas of the 
Sims test are presented in the third and fourth columns of table 1 for 
both directions of causality. We find that in all cases the hypothesis 
that money does not Granger-cause GNP would be rejected at the 5 
percent significance level. However, the tail area for the official (sum) 
aggregate was less (hart that for the corresponding Divisia aggregate 
at each level of aggregation except at the highest level, /.. 1 he hy¬ 
pothesis that GNP does not Granger-cause money would be accepted 
at the 5 percent level with each of the monetary aggregates except for 
the official Ml aggregate. The tail area for the sum aggregate ex¬ 
ceeded that for the corresponding Divisia aggregate at tfie two high¬ 
est levels of aggregation, M3 and L* 

In the third procedure, we compute an approximate likelihood 
ratio test of the hypothesis that (.'(/.) - 0 in the bivariate autoregres¬ 
sion 


A(L) 

CAL) 

It is immediate from Granger's . 
causality) that does not cause 
orders of A, li, C, and I) are each i 
the test of the hypothesis that fit/ ) 

7 For details ol the estimated \R 1M \ mod< Is, see flat nett. Xpmdt ,iml Dili t iliac In i 

(1981) 

w It is t metal to I tie Sims piocedure to account tor auttKoi lel.tium ot the uiilians 
f turned distuibances prupeilv We tonerl to! seti.il tot tel. moil in those distuihances 
by using a general hlth-oidei aiiloicgiessicc ttansfoi motion As a H si ot the assumed 
lack of anti hoi I elation of the i csullmg u ansloi tiled disitn Italic es, \cc c mn puled I he lail 
area of the test that the hist eiglu autocoiicladoiis of the ti ansforitted disturbance 
terms are zero As seen from the tail ateas displaced in table Al in App A. the In- 
polhesis was aeeepled at the 05 level in all cases 

1 Fills result (oilows trom Feigeantl IVaice (1979) Siinplilcmg along the same' hues 
as Feige and Peatce (1979) to avoid die piohlems discussed !>\ lV-ice and Haugh 
(1977). w-e rule out instantaneous causalitv by assuming b„ e„ — 0 tile model is 
normalized by taking n n = c/„ = 0. I'smg common time-series notatioii (sc*e, e g . 
Granger and Newbold 1977, p. ti), A, B. and I) ate polvnoimals and / is the hat k- 
shdt (lag) operator 
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column of table l. 10 The hypothesis that money does not Granger- 
cause GNP would be rejected at the 5 percent level with the Divisia 
aggregates at all levels of aggregation except at the lowest, M1, level, 
at which the tail area was a marginal ,056. The same hypothesis would 
be accepted at the .05 level with the official summation aggregates at 
all levels of aggregation except M2. In addition, the tail area of the 
test for the Divisia aggregates was lower than that for the corre¬ 
sponding sum aggregate at all levels of aggregation. These tail area 
comparisons favor the Divisia aggregates. 

'Fable l does not reveal a single uniformly best aggregate. In terms 
of 5 percent significance levels, sum M2, Divisia M2, Divisia M3, and 
Divisia L produce successful test results in all cases. In terms of the 
test tail areas, none of those three aggregates uniformly dominates, 
although Divisia I. is most frequently best. While Divisia Ml was un¬ 
successful in one causality test at the .05 level, the failure was only 
marginal with a tail area of .056. Otherwise Divisia M1 also did well in 
these tests. 

Because Granger-causality tests are tests of "incremental informa¬ 
tion content” (Schwert 1979, p. 82), causality results have an impor¬ 
tant bearing on the usefulness of monetary aggregates as indicators. 
When a monetary aggregate Granger-causes some variable of policy 
interest, such as income, the prediction variance of that variable can 
be reduced by conditioning on measurements of the monetary aggre¬ 
gate. Barnett and Spindt (1979) and Barnett, Spindt, and Offen- 
bacher (1981) have found that the Dn io umiis ue 

usually better than the correspond 
cators of a variety of polity lai t 
proportionate reduction in pred.. 
and sum M2 as indicators in the > 
terly model are presented in t.il 
the generalized variance of the : 
variables. In the indicator use of tlx 
ditional model forecast is revised to a n-i ■ 

indicator measurement along the lines detailed in ltnsley. Spindt. 
and Friar (1980, p. 67). It can be seen from table 2 that considerablt 
reductions in prediction risk are achievable b\ polit)makcis using 
Divisia M2 as an indicator. 

V. Velocity 

A substantial controversy has arisen in the literature regarding a 
"shift” in the demand-for-money function that frequently is pur- 


10 See Wall (1974) for a discussion of llie lest puxcduie 
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TABLE 2 

Proportionate Reduction of Prediction Risk with respect to Income, Prices, 
and Unemployment: FRB-Penn-MIT Quarterly Modfl Forecasting 


/y,i/, by Definition of V, 


Monetary 


Univariate 



Aggkegai e 

X* 

P* 

u* 

Multi vaiiate 

M2 

M2 n 

120 

849 

.049 

.168 

.000 

.020 

156 

.389 


Noti — I lie super* npt 0 designates .1 Divisu .iggrcguie Ml". M3 n , and l.° ,ne 1101 yel available cm ihe ERB- 
Penn-MI I quarterly model Also i* heie is ihe grnwih rare of nominal GNP, ft* is ihe uir of 1 lunge in die GNP 
delldior. and u* 11 die nual unemployment rate. Sample period, quarterly ohsei ration* 19611 I - 1979 -I 


ported to have occurred in the middle oh 1974." Over the past de¬ 
cade, interest rates have generally been rising. Hence the opportunity 
cost (user cost) of holding money has been rising. Under those cir¬ 
cumstances, tests of functional stability can be deceptive. Conven¬ 
tional tests of functional stability are most useful when explanatory 
variable values are replicated or at least lie within the same region 
both before and after the potential shift period. When explanatory 
variables are continually moving into new regions, it can be very 
difficult to separate function shift from specification error. 

Suppose, for example, that the true demand for-money function is 
nonlinear in its variables and parameters but has never shifted. Then 
the parameters of the best linear approximation will differ over dif¬ 
ferent regions of the space of explanatory variables. If the explana¬ 
tory variables move into new regions of that space as time passes, then 
tests of functional stability of a linear approximation are likely to 
reject stability. Similarly, if the parameters of the function are es¬ 
timated over one period of time and the estimated function is then 
used in a dynamic simulation over another time period, the function 
is likely to track poorly. Fortunately, however, the existence of inter¬ 
est-rate cycles over the past decade has resulted in approximate repli¬ 
cation regions that can be explored. In this section we present velocity 
cross plots permitting investigation of the ability of the economy’s 
true demand-for-money function to replicate. If the true function 
that generated the data over one time period cannot replicate the data 


11 See Eiuler, Johnson, and Paulus (1976); Gold (eld (197b), Tinsley and Garrett, 
with Friar (1980); and Simpson and Porter (1981). 'I his problem has been most hea\ ilv 
investigated at low levels of monetary aggregation, bin it appears to arise also at higher 
levels of aggregation. This feature of the problem is most troublesome, since it suggests 
that the “shift" is a result not of explainable substitution within (he money market, but 
rather of a true shift in the economy’s transactions technology. 
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over another time period with similar explanatory variables values, 
then we can validly conclude that the demand-for-money function 
has shifted. 

The following exploratory data analysis relates velocity to various 
commonly used opportunity-cost variables. Three different plotting 
symbols are used to differentiate between data from three different 
time periods: (1) data after the purported shift, (2) data from the 5 
years preceding (he purported shift, and (3) data from the prior 
decade. We seek to determine whether velocity data acquired from 
different time periods tend to replicate when the potential explana¬ 
tory variable retraces the same region during the different time pe¬ 
riods. The explanatory variables we consider are the Divisia user cost 
and Moody’s AAA corporate bond rate. 

Figures 1 and 2 plot sum M3 against the two potential explanatory 
variables. Strong evidence exists of a shift in the relationship between 
velocity and either of the two opportunity-cost measures. Of course 
the reason could he additional omitted vatiables. But a stable relation¬ 
ship between velocity and any one of the opportunity-cost variables 
taken alone does not appear to exist, since the function that generated 
the data after 1974 does not appear to be able to replicate the earlier 
data in the middle region of overlapping opportunity-cost values. 

Figures 3 and 4 plot Divisia M3 against the same two potential 
explanatory variables. No clear evidence of function shift lemains. 
For example, with ordinary-least-squares linear tegression of Divisia 
M3 on Moody’s AAA corporate bond i.m ’ . the ( how 

test of the hypothesis of no pai.n 
.1337. The tail area of the coin 
The result is substantially moic 
official aggregate. 12 

Although not reported here. 

6-month Treasury bill rate and ' 

Barnett, Spindt, and Offenbac liei i 
play only M3 plots in this section and m > 

the results acquired with M2 and L aie sitnil.it. 1 he available cinpii 
ical evidence, including the causalitv tests in the last section, suggtv s 
that Divisia I. is the potentially most interesting aggregate In addi¬ 
tion, Divisia L is the aggregate that comes closest to capturing die 
contributions of all elements of the money market to the economy s 
monetary service flow. However, updates for Divisia /. are not cur¬ 
rently available with the same frequency as for Divisia M3, and hence 
Divisia/. is of less potential policy usefulness than Divisia M3 at pres¬ 
ent. In any case, the plots for /. are \erv similar to those displayed 

12 A first-order autoregressive eiror since line was used. 
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Fig. I. —Sum M3 velocity versus Divisia user-cost aggregate, quartetly, 1959:1- 
1982:4. 


here for M3, as demonstrated in Barnett, Spindt, and Offenbacher 
(1981). At the M1 level, as might be expected, the plols for the Divisia 
aggregate do not differ from those of ihe sum aggregate by as much 
as at the higher levels of aggregation. 11 

VI. Money Demand Functions 

A. Specification 

In this section we compare the official monetary aggregates with the 
Divisia monetary aggregates in terms of the resulting properties ol 
estimated demand-for-money equations. When using the official 
aggregates, we use the conventional specifications that were used in 
the literature on demand-for-money function shifts. When using the 
Divisia aggregates, we use the analogous specifications appropriate to 

13 Plots at all levels of aggregation, for both this section and Sec. IX, arc available 
from the authors on request. 
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Divisia aggregation. We expi 
metric stability, and simulated 
We use the double log spe<. 
literature on “shifting" dem.i. 



a t) + a, log^ 

+ X a '^ k log (OC) k , 


k= 1 


(1) 


14 All variables are quarterly averages, ami all variables evtepi interest mu*s aie 
seasonally adjusted. Similarly, t lie Divisia aggiegatcs are const rimed from seasonal I v 
adjusted quantities and unadjusted mteiesi tales While this functional fmm is welt 
known, two aspects of the precise specification leqmre clarification fust, the lagged 
value of money, which appears as a piedetci mined variable, is deflated by the current 
value of the price level to allow for partial adjustment <>l nominal balances to pi it e-lev el 
shocks in the short run, while maintaining long-run linear homogeneity of Si, in (>,. p,) 
Regarding such double log inventoty models, sec Baumol (I^r2h I ohm (I9:>6\ and 
Fisher (1978). 
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where M, = a given per capita Divisia or simple sum monetary aggre¬ 
gate, p* - GNP price deflator, Y, = nominal per capita GN P, K = 
total number of Opportunity-cost variables (one or two), and (W,')* = 
Ath opportunity-cost variable (interest-rate or Divisia user-cost aggre¬ 
gate). 1'he opportunity-cost variables differ among the different 
equations. When M, is a summation aggregate, the opportunity-cost 
variables are interest rates: the commercial paper rate (as a represen¬ 
tative market interest rate) and, with Ml, the commercial bank pass¬ 
book rale. When M, is a Divisia index, all opportunity-cost variables 
are Divisia user-cost indexes acquired front Divisia price aggregation 
over the real user costs, it*. of equation (3). The Divisia user-cost 
index is computed for the own price of M, and, with M I, for a com¬ 
peting aggregated good. The competing opportunity-cost variable is 
the Divisia user-cost aggregate for those assets that are in L but not in 
M3. 
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B. Empirical Resu/li 

'T he first section below destulx 
coefficient methods. In the 
coefficient methods to exploit . 

I. Forecasting 

The parameter estimates for equation (-T) for both (lie Divisia and 
sum aggregates are found in Appendix A 1 ’ l he estimates seem lea- 
sonable by conventional standards. I’sualh the coefficients on leal 
GNPand on the opportunity-cost variables are statistitalh significant, 
have the correct sign, and are of reasonable magnitude. Two excep¬ 
tions are the wrong signs acquired for the coefficient of real GNP with 

r> A htsl-oidci auloiegressne cnor slruituie wits used 
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Divisia M2 and Divisia L during 1974:3—1982:4. 16 No such excep¬ 
tions occurred during 1959:3—1974:2. In the literature on money 
demand, the most troublesome parameter to interpret has always 
been the coefficient on the lagged dependent variable (LDV), which 
has almost always implied unreasonably slow speeds of adjustment. 
While Divisia aggregation has not totally resolved this problem, the 
coefficient on the LDV is lower for the Divisia aggregates than for 
their official sum counterparts in eight of the 12 cases. The eight cases 
include all four levels of aggregation during the 1959:3—1974 :2 sam¬ 
ple period. The coefficient on the LDV exceeds 1.0 in three cases, all 
using the official sum aggregates. With both the Divisia and sum 
aggregates, the coefficient estimates were most plausible during the 
1959:3-1974:2 sample period. 

'The predictive performance of each equation with its parameters 
estimated using the 1959:3-1974 :2 sample period is summarized by 
the results that appear in the first two columns of table 3. The first of 
the columns reports the root mean square error (RMSE) for the pre¬ 
dicted growth rates implied by each estimated equation over the pe¬ 
riod 1974:3-1980:4. The second column reports the mean error of 
the same growth-rate predictions. 17 The simulation results uniformly 
favor the Divisia aggregates. At all levels of aggregation, both the 
RMSE and the absolute value of the mean error for the Divisia fore¬ 
casts are lower than for their sum counterparts. 

2. Parametric Stability 

I 11 order to explore parametric stability, we estimate equation (4) with 
stochastically varying coefficients. We permit the coefficients to be 
stationary stochastic processes and use the Swamy and Tinsley (1980) 
asymptotically efficient estimation procedure. With this technique, it 
is necessary to use the same specification for equation (4) with both 
the Divisia and official sum aggregates, in order to assure comparabil¬ 
ity of the coefficient time paths (and test statistics)' between results 
with both sets of aggregates. 18 To avoid prejudicing the results in 

,h Also note that the own-price elasticity of the demand for Divisia M3 has the wrong 
sign during 1959:3-1982:1, and the coefficient of (OC) 2 is statistic ally insignificant for 
both Divisia and sum Ml. 

17 Growth-rale forecast errors are obtained by simulating each equation dynamitally. 
Starting in 1974:3, we obtain predicted levels of the relevant aggregate and then 
compute the predicted growth rates. The estimation sample period was ended and the 
forecasts begun in mid-1974, since the widely reported shift in the demand for money 
function is professed to have occurred at that time. 

18 Otherwise it would be impossible to separate the effect of the different aggregation 
procedure from the effect of the different equation specification. In fact, if dilferent 
specifications were used, there would be no formal procedure for determining which 
coefficient path from one equation to compare with any given coefficient path from the 
other equation. 
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TABLE 3 

Fores, asi ing Pkop( ki its ok Kixn) ('mini ien 1 Dim and Fingtions 


Forecasting* 


Monetary Aggre.ga i e 

RMSF.t 

Mean hj r< 

Ml 

5 739 

- 319 

Ml" 

3.924 

- 038 

M2 

5 14 1 

2.678 

M2" 

4 966 

- 213 

M3 

5 296 

3 013 

M3" 

4 472 

- 130 

/. 

3 617 

3.493 

L 1 ' 

4 109 

- 08.3 


Non —All data arc <|u.uieily I hr rrsults u>c p.u.imrw-ts «stimaic-H lot tin- 1T>9 J 1974 ‘J sample prti'Kl in 
fore* .(Minx from 1974 '4 tlmnigh 19H1£ 4 1 lie 0 mi|« im i ipl 1111 ilic 11 mm t.n\ .i^ic^iks design.tit s Divisia .i^k 
g.KO. (lie others .ire miiib 

* Rased on growth-idle forrtrfsi emus in pen midge points jm r \ui 
t Rool mean stmaied (irorml f 01 masts 


favor of the Divisia aggregates, we do not use Divisia user-tost aggre¬ 
gates as explanatory variables, but rather the conventional demand- 
ftir-money equation adopted with the official sum Ml aggiegate in 
the last section. In this section, we use that one specification at all 
levels of aggregation and with both the Divisia and sum aggregates. 

I lie coefficients of equation (4) now ate viewed as stochastic pro¬ 
cesses and hence are written with time subset ipts as a, = (a,,,. «i„ or.,,. 
a ; o, a ( ,). In accordance with the Swann and I inslev (IdHil) procedure, 
we further specify that a, = a 1 ^ 
random vector widi mean /et< 
is a vector of parameters (ti 
matrix of parameters. 1 '' I In 
mean coefficient vector, a, .0 
table 4. The estimates appt 
aggregation with both the sm, 
common problem of slow speed ol 

In figures 5, 6, and 7, we have plotted toi Maim or.. i 
a S() a 4( ). which are the coefficients of the three exogenous v.u tables 
Each of the three coefficient paths is substantiallv more stable with the 
Divisia aggregate than with the sum aggregate. Funheunoie. the cv- 
clical drift evident in the results with the sum aggregate is absent horn 
the Divisia results. 

19 Estimates of <t> anil A are reported m an earliti liralt ot tins papei. vslmlt is 
available from the authors on icquest. 

20 T he coefficient palfi realisations < hailed in tigs. 5 7 ncie computed as a, ft + 
e„ following the ptoccdures outlined hy Swainv and I insley (IPSO) l he estnnatoi 6 is 
consistent for the mean of the siihIiasik piocess a,. Out piedutions. e„ ot the 
coefficient innovation process ate baser! on the minimum noun generalized imerse 
solution given by Swamy and Tinsley (1980. p 116, eq [1 10]) 
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The observations above on coefficient path behavior are formally 
verified by the /'"-statistics in the sixth column of table 4. Those F- 
staiistics are for tlie test of tfie hypothesis that equation (4) has con¬ 
stant coefficients and an additive first-order autoregressive error 
structure. At every level of aggregation, the /'"-statistic with the Divisia 
aggregate is lower than with the simple sum aggregate. Since the tail 
area of the lest is inversely related to the level of the F-statistic, the 
hypothesis of parametric stability was more acceptable with the Divisia 
than with the sum aggregates. The result is most striking at the M3 
level. At the .05 level of significance, stability of the demand function 
for the sum aggregate would be decisively rejected, while stability 
would be dec isively accepted for the corresponding Divisia aggregate. 
Nevertheless, at all other levels of aggregation, stability would be 
rejected at the .05 significance level with either the sum or Divisia 
aggregate. 

The seventh column of table 4 contains the F-statistic for a Chow 
test of the hypothesis of no break in regimes after 1974:2. Since we 
do not produce stochastic coefficient paths in this test, the problem of 
comparability with different specifications is less severe than with the 
stochastic coefficient results.* 1 As a result, we use the same equation 

21 In addition, using different spec ihi alums dec leases the degree ol partial icdun- 
dan<y of this test with die stochastic coefficients / -test. 
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specifications as in the last section for each aggregate. The /■'-statistic is 
larger for the Divisia aggregate than for the sum aggregate at each 
level of aggregation. I'hese results are uniformly favorable to the 
Divisia aggregates. However, at a fixed 05 level of significance, the 
hypothesis of no shift would be accepted for both the Divisia and sum 
aggregates at the M3 and L levels of aggregation. The hypothesis 
would be rejected for both Divisia and sum M 1. The hypothesis would 
be marginally accepted for Divisia M2 and marginally rejected for 
sum M2. 

Searching over tables 3 and 4 for a uniformly best aggregate, we 
find none. In terms of forecasting, Divisia M 1 and Divisia L were most 
successful. I 11 terms of stability, Divisia L was most successful with the 
Chow test, but Divisia M3 was most successful with the stochastic 
coefficient /'-test. 

VII. Reduced-Form Equations 

A. The Equations 

Another basis for comparing various monetaiy aggregates is a com¬ 
parison of their performance in reduced-form equations.-’-' These 
equations relate the growth rate of CN F to current and lagged monev 
growth rates and to current and lagged values of a fiscal police sati¬ 
able. Such an equation is intei preted as a rcdured-foim equation 
from an unspecified structural econometric model 
The specification adopted here is from < "Kon 1 IMstn ,md lias the 
form 

n 

y, = p„ + X 

1 ~ 1 

where Y, = annuali/ed peteem 

annualued percentage rate of gt ■ 

tary aggregate during quarter t, .e 

of growth of high employment tedn . 11 . 

are estimated both with and without the cmwuim. _ , 

which is necessary for steadv-state (long-tun) supemcuiialiiv 1 

B. Results 

Table 5 summarises the results. The niteiia lor comparing the 
findings are essentially the same as for the monev demand equations 

22 The inlei pi elation ol su< li i educed-loi in equations is sub|cc t to a number nt w c !l- 
known (littlenines (see, c g , Incus 1117b) 

23 Sti icily speaking, superneulralin lefeis to the l.u k ot am el ten ot inflation on 
the level of real output; heie the trim icleis 10 the lack ol am elVit ol uitl.ilioii on 
real output growth The distributed lags ate *hird-otdel .Union pohnoini.il diMnh- 
uled lags. All the equations weie estimated In the Cot Inane-On utt technique 
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forecasting performance and stability tests. We again split the sample 
after 1974 :2 in acquiring the forecasting and stability results. Further 
details for the estimation results can be found in Barnett, Spindt, and 
Offenbacher (1981). Table 5 contains all of the results on forecasting 
performance and stability behavior. 

The results in table 5 are mixed, although certain patterns arc- 
evident. The performance of the Divisia aggregates judged relative to 
the corresponding sum aggregates gradually improves as the level of 
aggregation increases. At the highest level of aggregation, Divisia L 
outperforms sum L relative to all of the criteria in table 5. At lower 
levels of aggregation, the forecasting results depend heavily on the 
criterion used. Relative to RMSE, the Divisia aggregates usually out¬ 
perform the sum aggregates, but the reverse conclusion is acquired 
relative to mean error. In terms of both stability (test tail area) and lit 
(/?-'), the sum aggregate outperforms the Divisia aggregate at the MI 
level of aggregation, but that conclusion is reversed relative to both 
criteria at all other levels of aggregation. 

Comparisons across levels of aggregation do not reveal any single 
best aggregate, although Divisia /. generally did very well in table 5. 

VIII. Divisia Second Moments 

The right-hand side of equation (I) is in the form of a statistical 
expectation or first moment. This result follows from the fact that 
2/-V = 1, and Sj, & 0, so that each s y , can be viewed as a probability f ront 
a discrete probability distribution. Hence we can define corresponding 
Divisia second moments in the obvious manner.' 1 In Appendix B we 
show how those Divisia second moments can be used to complement 
the Divisia quantity index (or Divisia quantity mean) by providing a 
dispersion measure of “potential aggregation error.” We find that the 
potential aggregation error of the Divisia monetary aggregates has 
not been subject to appreciable cyclical variation over our sample 
period of 1969: 1 — 1982:4, and any slight cyclical variation decreases 
as the level of aggregation increases. 


IX. Controllability 

Since this paper primarily explores the relationship between mone¬ 
tary (intermediate) targets and final targets, we do not here exten¬ 
sively investigate controllability, which is defined in terms of the rela¬ 
tionship between instruments and intermediate targets. Nevertheless 

' M See Barnett, Spindt, and Offcnbacher's (1981) eqq. (12.1)—(112.7) for formal 
definitions. 
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we have explored the stability of multipliers between instruments and 
intermediate targets. I he instruments we considered were the mone¬ 
tary base, total reserves, and nonborrowed reserves. The inter¬ 
mediate targets we considered were Divisia and sum M 1, M2, M3, and 

All of the multipliers were erratic over time except for the ratio of 
the Divisia aggregates to the base. Those ratios exhibited stable long- 
run trends. I he slope of the trend decreased as the level of aggrega¬ 
tion increased, the ratio becoming approximately constant in the long 
run lor Divisia L (with a short-run cycle correlating with interest 
rates). 

Most of these results are available in Barnett and Spindt (1982). 2 "' 
Their results with sum and Divisia M3 are updated and displayed 
below. Using monthly data, we cross plot in figures 8 and 9 the base 
money multiplier (monetary aggregate divided by monetary base) 
against Moody’s Baa (average quality debt) corporate bond rate for 
both sum and Divisia M3. As in figures 1-4, we use thiee plotting 
symbols for three different time periods. 20 As is evident from figure 
9, an interest rate has high explanatory power relative to the base 
multiplier of Divisia M3. The same cannot be said for sum M3, as is 
evident from the broad dispersion in figure 8. 

Since relevant microeconomic foundations for the supply-of- 
money function have only recently been developed, theoretical inter¬ 
pretation at this time of the results above would be spec illative. 2 ' (>ne 
might, for example, view the monetary base as both the output of the 
Federal Reserve System and a wealth constraint <>n the private sector. 
In this interpretation, a change in the 1 
to re-equilibrate itself and then I 
tary service flow. Since the bio. 
sure that service flow, a stable u i 
at any given level of interest 1 .. 

Divisia M3 or L. Figure 9 tends 


X. Conclusion 

Aggregation theory favors the Divisia quautiiv index over the sun. 
index as a measure of the quantity of an aggregated economic good. 


25 For further consideration of the predictability ot the base muhiphei s ot the Lliv isia 
monetary aggregates, see Spindt (1984). 

2h In order to detrend the series, we measure each variable (whether base nuduplict 
or interest rate) as its residual in a linear regression of tlie cariahle on tunc 

27 Barnett and Hinicli (in press) have derived the supptv tunenons for the Ditisia 
monetary aggregates and have estimated those (unctions through the application ot 
Hilbert transform methods. The results provide a direct lest of controllability Also sec 
Hancock (1984) for further relevant theory 
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when the components are not perfect substitutes. Barnett’s (1980a, 
1981a) tests using monetary data resulted in rejection of the neces¬ 
sary and sufficient conditions in aggregation theory for sum aggrega¬ 
tion (see also Feige and Pearce 1977; Offenbacher 1979; Ewis and 
Fisher 1984a, 19846; Serlelis 1984a, 19846). The present paper sys¬ 
tematically compares the empirical performance of the Divisia and 
the sum monetary aggregates relative to various criteria relevant to 
policymaking. Neither the Divisia aggregates nor the sum aggregates 
uniformly dominated the others relative to all of the criteria consid¬ 
ered, and no one aggregate, whet bet Divisia or sum, was uniformly 
best. However, some general tendencies are evident from these re¬ 
sults, as can be seen from the following summaiy ol results. 

In the causality tests, the Divisia aggregates generally performed 
better than the corresponding sum aggregates, although sum M2 cfid 
rather well. Divisia l. was perhaps the best aggiegate in those tests. In 
terms of the demand-for-money functions, the best forecasting re¬ 
sults were acquired with Divisia Ml and Divisia L. The most stable 
demand-for-money functions were acquired with Divisia M,H and Di¬ 
visia /.. In addition, the velocity f unction for Divisia M8 was found to 
be stable, In the reduced-form comparisons, sum Ml perfonned bet¬ 
ter than Divisia Ml, but at higher levels of aggiegation the Divisia 
aggregates became increasingly superior to the corresponding sum 
aggregates, with Divisia l. usually providing the best reduced-lorm 
results. 

In earlier work, using information them \, we found that the Di\ ista 
aggregates tend to perform better than the Mini uggiegates as indi¬ 
cators, especially at high levels of 
with the FRB-Penn-MIT quam 
result with M2. In addition, iw 
find that the Divisia monel.u v a 
variation in potential aggiegain 
Divisia L was best. In addition, 
supporting our earlier results m. 
broad Divisia aggregates. 

In short, at the lowest (M1) level of aggu g tiu r 
ing results in our comparisons between the sum and the Divisia aggie 
gate. However, at higher levels of aggregation, the Divisia uggiegates 
generally tend to perforin better than the sum aggregates, with that 
degree of superiority tending to increase at me teasing levels of aggre¬ 
gation. 28 Since (he divergence between the time paths of the Divisia 


- s Preliminary results suggest that these nun lusious also apple to t ait.t'tiait data (see 
Cotkeiline and Muiiay 1981). 
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and the sum aggregates increases as the level of aggregation increases 
(and the discrepancies between the two weighting methods increases), 
the power of any tests comparing the two aggregation methods 
should be expected to increase as the aggregation level increases. 
With so many criteria being considered, the selection of a “best" 
aggregate is a hazardous matter. Cagan’s (1982) results, based on 
fewer criteria and an earlier sample period, generally favored Divisia 
Ml. While no aggregate was uniformly best relative to all of our 
criteria, our results reflect most favorably on Divisia L. 


Appendix A 

The results of the error structure analysis for the Sims test are displayed in 
table Al. The paiameter estimates lor the fixed roelfitienls demand-for- 
money (unctions are displayed in tables A2-A5. 


TAB1.F. A) 

Tail Aulas ok ii it. Tesi Thai- rut First Fiohi Autocorrelations or iiie Sims 
Disturbance Terms Are All Zero 


Monetary Measuie 

CNF to Money 

Money to (3NP 

Ml 

.459 

til 9 

Ml" 

.1321 

.520 

M2 

091 

.735 

M2" 

308 

.420 

M3 

127 

280 

M3" 

.483 

.052 

/. 

.197 

303 

L° 

533 

.212 
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Appendix B 

Let K„ be the Divisia quantity variance, and let/„ be the Divisia user-cost price 
variance. Also let T,, be the Divisia price-quantity tovai lance, and let 'I',, be the 
Divisia variance of the shares, 5,. Thei! (19b7, p. 155) has shown that the 
Divisia second moments are related by the following equality: 

- }„ - 21',,. (Bl) 

Equation (Bl) permits us to decompose K,„ which is the Divisia second mo¬ 
ment of primary interest in monetaiv policy. 

If the aggregation conditions described in Section 111 are exactly satisfied, 
then the continuous-time Divisia index always exactly equals the economic 
aggregate, and then the aggregation error of the Divisia index, (1), is eery 
small. However, if the aggregation conditions horn Section 111 are onlv ap¬ 
proximately satisfied, the aggregation error (diffeiencc from the exact eco¬ 
nomic aggregate) of the index (1) could lie nonnegligible I he Divisia quan¬ 
tity variance, K,, (or the corresponding coefficient of vai lation), c an be used as 
a measure of potential aggregation ertor That intetpretation of K,, can be 
seen from the fact that K„ measures the thspeision of growth tales between 
the components of the Divisia monetary quantity index. Clearly, if A',, — 0, 
then any index number or aggregator function that is linearly homogeneous 
in ihe components is as good as anv other, since all aggiegales glow al the 
common rate at which each component grows As K,, increases, die quality ol 
the index number formula becomes increasmgh important and the lisks ol 
aggregation error and information loss increase 

The Divisia share variance, 'i'„, is a measure ol the t hange in the dispelsion 
of the Divisia weights. We might expect that as intrust laics incie.wo. T 
would rise, since lelative prices (user costs) between late-iegulatecl and iate- 
iinregulatecl monetaiy assets move awav fiotti 1 0. It might then fuither be 
thought that the Divisia quantity vaiunre, K„. would also met ease with in¬ 
creasing interest rates, as a result ol die im leasing dispeisiou ol Us weigh.s 
However, (B1) shows that this com huior ■ 1 ■ < 

in J,i resulting from the increasing < 
rates could offset the increasing 
To explore this possibility. w< 
their correlation wuh the inteiesi . 
lation coefficients between the D; 
table Bl. Neither K„ nor l'„ con 
both v l / „ and J„ do, with ueai l\ c 
polhesiced in the previous paragi q 
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ness cycle tend to cancel each other out continuously, so that K,, remains 
largely independent of the business and interest rate cycles. 

Hence our degree of confidence in the quality of the Divisia monetary 
quantity index, equation (1), should not be altered by variations in interest 
rates. Variations in the potential aggregation error, K,„ of the Divisia mone¬ 
tary aggregates bear little relationship to the business cycle. In addition, the 
correlation decreases as the level ol aggregation increases. 
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Job Matching and Occupational Choice 


Robert A. Miller 

Carnrgtr McIlan Umvetsity 


This paper presents a model of job mantling that generalizes the 
existing literature by allowing for dillerenl job types, or occupations. 
Such differences af fect the value ol job-specific exjiencnte, inducing 
a career profile where certain types are sampled before others. More 
specifically, the analysis shows that it is optimal lor the young and 
inexperienced to gravitate toward jobs exhibiting a certain kind ol 
risk. Then, alter deriving ihe equilibrium job turnover late for an 
economy in which people do not switch occupations, panel data are 
used to estimate its underlying paraineteis. The hypothesis that peo¬ 
ple do not switch occupations is iejected against ilie alternative that 
they do, thus providing empirical support for the theoretical exten¬ 
sion undertaken here. 


I. Introduction 

The relationship linking skills that are job specific to turnover deti- 
sions has long been considered an important issue in the economics ol 
labor mobility. Earlier writers, most notably Becker (19(12, 1975), 
Mincer (1962), and Oi (1962), perceived a two-way flow between job- 
specific training and tenure. On the one hand, Becker asserts the 
“willingness of workers or firms to pay for specific n aining should . . . 
closely depend |negatively| on the likelihood of labor turnover" 
(1962, p. 19). On the other hand, these authors also recognized that 
the more job-specific capital a worker has, the more destructive a 


This paper was drawn Ironi ihc hrw c hapter of my cloctoi.il dissertation (1982) I am 
most indebted 10 William Block and James Heckman, who jointly chailed my commu¬ 
ter, Paul Silver, who programmed the computations and provided many useful com¬ 
ments; and two anonymous refeiees, whose ads ice led lo significant revisions ol a 
previous draft. 1 lie research was supponed liy NSK grant SLS-8107963. 

{Journal of l*f>litmil ttonotn'i, 1984. vut 92, no 6| 
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separation would be, and hence the less likely he is to break the 
match. 

Combined, these two effects yield a decreasing hazard: in other 
words, the conditional probability of quitting or being laid off falls 
with greater tenure. For the longer a person has held a job, probably 
the more specific capital he has acquired (since a worker in whom 
little capital was invested is more likely to have been filtered out previ¬ 
ously). And the higher is his expected output due to job-specific fac¬ 
tors, the smaller the chance of a separation occurring. 

The decreasing hazard hypothesis is consistent with the observation 
that certain identifiable groups in the work force turn over more 
often, experience lower rates of wage growth, and apparently ac¬ 
cumulate less specific human capital than others. Furthermore, study¬ 
ing job tenure, several investigators, including Borjas and Rosen 
(1979), Bartel and Borjas (1981), and Mincer and Jovanovic (1981), 
have found persistent evidence of positive duration dependence even 
after they control for socioeconomic characteristics described in the 
data. That is, among cohorts whom the data measure as being equiva¬ 
lent, the probability of sticking to a job, conditional on past expeii- 
ence, increases with tenure. 

Models of job matching and turnover provide a simple fiamework 
for analyzing issues related to the accumulation of job-specific capital. 
An article by Jovanovic (1979) demonstrated that if a person can 
learn only through specific experience how suited he is to a job. then 
an (eventually) decreasing hazard emerges from the optimal decision 
rule. Intuitively, the more experience.! person It is m a job. the better 
the assessment of his compete"' 
affect this assessment and pro 

The contributions of (ovate 
how optimizing behavior und< 
generate duration dependem. 
served heterogeneity (defined 
matches known to the individn.. 
data and accordingly unobsei ved 

theless, as Heckman and Botjas (l9Np nave iiumimh 
context, data on turnover alone cannot help one to dec ide ahethei 
unobserved heterogeneity or the behavioral rules genetated bv eco¬ 
nomic models are causing positive duration dependence found b\ 
econometricians. Unless assumptions, tvpicallv strong and unjustifi¬ 
able, specify the probability distiibution describing unobserved 
heterogeneity across the population, a statistical test that c hooses be¬ 
tween the two alternatives is impossible to devise 1 


1 While the discussion ot Hec km. in and Hot pis 1 IttHU) was com ci ned with uansiiions 
between employment and unemplovmerit, it is i lcar their mm lusions apple mote gc n- 
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Thus, work over the last 2 decades has established an interdepen¬ 
dence between job-specific capital and labor mobility, formally ex¬ 
plained precisely how this interdependence might arise, and pro¬ 
duced empirical results that would be broadly consistent with the 
formal theory but for the presence of unobserved heterogeneity. 

The purpose of this paper is to explore the theoretical and empir¬ 
ical ramifications of generalizing the job-matching paradigm. In job¬ 
matching models, a Bayesian decision maker combines prior informa¬ 
tion about each job’s characteristics with sample information he has 
accumulated from working experience on that job in order to forecast 
its future returns (both pecuniary and nonpecuniary). The next sec¬ 
tion lays out a framework to accommodate situations where his prior 
beliefs may differ across jobs. This extension suggests the following 
definition of an occupation: loosely speaking, two jobs belong to the 
same occupation it a person’s prior beliefs about them are identical. 
Hence differences between such jobs emerge only through specific 
experience. 

Drawing from the statistical theory of multi-armed-bandit pro¬ 
cesses, Section III investigates the optimal order to sample jobs and 
the optimal duration time for each job. (In previous work, the order 
in which jobs are sampled is immaterial because people have the same 
prior beliefs over all jobs.) These investigations yield several predic¬ 
tions about life-cycle career patterns. They provide an explanation 
based on rational behavior for the longstanding empirical regularity, 
well captured by the expression “young and foolish,” that the inex¬ 
perienced gravitate toward risky ventures. Because younger workers 
are less experienced than their older counterparts, they more will¬ 
ingly try out jobs where success is rare; older people who have quit 
them already know they themselves are unsuitable. 

A numerical analysis is conducted in Section IV to compute job 
turnover generated by optimal behavior. I'he results show that il the 
quality of job matches is difficult to forecast without specific experi¬ 
ence or can be determined quite accurately with only a small amount 
of experience, turnover is higher. 

The empirical parts of this paper. Sections V-VII, focus mainly on 
two issues. One expects a person's socioeconomic background, 


dally. The claim is starkly illustrated by considering the sequence of piobabilities for 
breaking a job match at specified lenuie levels, derived from sequentially maximizing 
an intertemporal utility function subject to a production and information technology 
Call this sequence j. Contrast this setup with a very simple model in which a 

population of identical agents work in various jobs which arc labeled according to 

the fixed lime they take to complete. Suppose the proportion of jobs that last i periods is 
p, Then clearly turnover behavior generated by cine model is indistinguishable from 
the other. 
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through its effects on his prior beliefs, to determine in part how 
frequently he switches jobs. Thus, differences observed across socio¬ 
economic groups in layoffs and quits might be attributable to optima! 
decisions induced by different levels of schooling acting on prior 
beliefs. Accordingly the first set of hypotheses tests whether schooling 
is a significant parameter in determining them. The second issue is 
whether, from an econometrician’s viewpoint, each person spends his 
entire working career in what is defined here as a single occupation. If 
so, he has the same prior beliefs about the job-matching characteris¬ 
tics of successive employment positions held, and the theoretical por¬ 
tion of this paper would receive scant empirical support. Similarly the 
practice of ignoring occupational effects, widespread in related work 
on labor force participation and search unemployment, would be 
indirectly upheld. A second set of hypotheses addresses this issue. 

Section V provides some informal diagnostics fin these matters 
from the Coleman-Rossi data set. Then in Section VI a maximum 
likelihood estimator is constructed to mesh the turnover data with the 
probabilities generated numerically for an economy where nobod) 
switches occupations. Maximum likelihood estimates are obtained 
and hypothesis testing is conducted in Section VII. Overall, the em¬ 
pirical findings support the view that prior beliefs differ across people 
and also across the jobs any one person works in. 


II. The Individual’s Problem 

Perhaps the easiest way to pit: 

Crusoe shipwrecked at date /> 
rescue foreseen, he maximi/t 
sequentially choosing one of - 
produce it. Through expci u 
techniques match the gcograpi 
helps him make wiser decisions, tiis 

will he experimented with first, whethci n.,.. 

long it takes Crusoe to settle down with one (it ever), and so on I lu- 
transparent interpretation follows from equating food output with a 
person’s income or utility stream, farming techniques with jobs, and 
the suitability of those techniques to the island's geogiaphv with pio- 
ductivity differences of an individual across different jobs. 

To help fix ideas, some notation is introduced at this point. Denote 
by x ml the agent’s return, which includes both pecuniar) and non- 
pecuniary aspects, from working in the with job at time t <E T = {0, 1. 
2, . . .}, chosen from the job set Af. Suppose a return is not directly 



io 9 o 


JOURNAL OF POLITICAL ECONOMY 


observed unless the person actually works in the associated job, and 
furthermore it is the sum of three components: 

Xtnt 4*/ "f (1 ) 

The first term on the right-hand side of (1) denotes a time-trended 
variable independent of the job and is observed regardless of where 
the individual works. It may be due to business cycle fluctuations, the 
effects of age, or general experience and formal education. The sec¬ 
ond term is a match parameter that is time invariant. The individual 
does not observe directly, but before acquiring any experience in 
the job he believes it to be normally distributed N(y m , 6?,,). If he had 
rational expectations, this distribution would describe the latent dis¬ 
tribution of talents in that job across the subpopulation of people with 
socioeconomic characteristics similar to his. The third term is never 
observed, but cr OT is known and e,„, is an independent random variable 
drawn from the standard normal distribution JV((), 1). 1’he idea be¬ 
hind the second two terms on the right-hand side of (1) is that match 
quality cannot be ascertained exactly but must be guessed at by com¬ 
bining prior knowledge about matches of a similar type with the re¬ 
turns history from the current match. 

Suppose t,,„ measures the experience the worker has accumulated 
in tlie wth job by period I. In other words, letting d ms be unity it the 
mih job is chosen at time > and zero otherwise, 

I i 



5 = 0 


Using this notation, the total amount of time spent in the mill job is 
t,„*. which is called completed tenure and henceforth abbreviated to 
TV 

Both the theoretical and empirical portions of this analysis cate¬ 
gorize jobs according to whether outsiders can perceive any differ¬ 
ences or not. Individuals evaluate jobs in the same category solely on 
match-specific grounds, whereas when assessing jobs belonging to 
different categories, both specific and general attributes are relevant. 
In this sense the model admits a precise definition of an occupation. 

Definition 1 : Two jobs m and m' belong to the same occupation n if 
and only if (y,„, 8,„, <r,„) = {y,„\ o',,/). For future leferencc define 

their common information factor a,„ = (r;„5„, “. Also denote the set of 
jobs within the nth occupation by { n ). 

T he definition implies that a person holds the same prior beliefs 
about the return stream he would receive if he worked in jobs belong¬ 
ing to the same occupation. Furthermore, the rate at which he learns 
about such matches is identical. 

Given the model’s specification, beliels about the wth match can be 
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characterized as a normal distribution N{y m „ h'i,,) where, following 
Zellner (1971), a Bayesian updating rule implies 

i -1 


y,„i = 


8m ' y rn “l" tT ffJ “ ^ (X ,f, V 


(8,„ * ^ T w /<T m ' ) 


8 ,,„ = ( 8,„ 2 + T,,„o,„ 


( 2 ) 


Observe from equations (2) that beliefs about a match change only 
with experience on the job. 

The agent’s objective is to maximize expected returns from jobs 
over his lifetime by choosing a decision rule <7, which maps available 
information into his preferred job choice at each point in time: 

d({y m ly 8„„},„£.\|) = * //,,„({'Y,„/. 

\1 


where for all (m, I ) E M X 7, il,„, E {0, ])• and — 1. To 

summarize, the model is formally characterized by its valuation f unc¬ 
tion, 

V(h„n 8,„},„<=„) = max/'.J^ ^ (3) 

'I b-dwfc.'l ) 


where E, stands for expectations conditional on inhumation { y,„,, 
8„,,}„, 6 .\/ available at time I E / , and (J is the discount lactoi. 


III. Optimal Decision Making 

The characterization of the soli .’ 
damental (but until recent!\ 

(1974)." Their theorem on ir 

this application that each job o 

beliefs about its future return 

optimal decision is to choose 

timality of this simple rule is i. 

picked depends on the c hai auc i im 

20 parameters must be kept true k ol tbotli tin i. 

for match distributions being updated) I lie ch n,nine alien alum index 
(DAI) strategy considerably simplifies the computation ol the solution 
because each index depends on the two chaiacteiistics ol the |ob 
associated with it alone. 

The definition below precisely specifies the index lor this particular 
application. 

Definition 2: Denote by DAI,,, (y,„ f . 8,,„) the dwiamic allocation m- 


2 See also (.iilins (t‘17‘1) loi a resiew <>t «<nk m die aiea 
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dex for the rnth job given beliefs ( 78 „ u ). It is the real-valued map- 
ping 



In other words, the index is the valuation function for the following 
(fictitious) problem: at time t, after netting out the general component 
i|/„ choose a stopping time t to maximize the expected return stream 
from remaining on the with job 3 ’ '(x wr — »Ju)] divided by 

the current value of receiving a unitary return over that phase 
E,(£, T -,' 3'-')- 

Proposilion 1 formally slates how the indices are used in computing 
the optimal decision rule d". (All propositions are proved in App. A.) 

Proposiiion 1: Denoting d° as the optimal decision rule for the 
problem described by equation (3), if dh = l, then l)Al*(y^, 8 *,) = 
rnax me ,vi[DAI w ( 7 ,„„ §„„)!• Furthermore, any tie-breaking rule between 
the maxima is optimal. 

The properties ot the solution are introduced by btiefiy charac¬ 
terizing a subcase that appears in the literature on optimal search. 
Setting cr,„ = 0 for all m £ M and t| i, = 0 for all t £ T specializes this 
framework to the normal variant of Weitzman’s (1979) analysis of 
Pandora’s problem. (If itt addition ( 7 ,,,, 8 ,„) = ( 7 ,,,-, 8 ,„ ) for all {m, m'j C 
M , a prototype search model of variety reviewed in Lippman and 
McCall (1976) is generated.) Kquation (1) becomes 

x,nl = km- (4) 

Definition 1 now implies that the index value of a sampled job is just 
its (constant) return. From proposition 1 a very simple career strategy 
emerges. At date zero rank the indices from highest to lowest and 
sample jobs, one per period, using this ordering, until the maximum 
return received in any previous period exceeds the highest-ranking 
index value among the remaining unsampled jobs; then work in the 
job associated with this maximal return forever. 

Deriving the index values for this specialization is relatively 
straightforward. Consider a (perhaps hypothetical) job whose match 
is drawn front a standard normal distribution 1 V((), 1 ). Call its index 
value D( 0 , 3 )- (The significance of the zero will presently become 
apparetit.) 

Definition 3: For n m = 0 define /)( 0, 3) — DAI,„(0, 1). 

For this specialization all job indices are a linear combination of 
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D( 0, P). Each index is additive in the expected return y,„ and another 
component 8,„D(0, P), the latter increasing proportionately with 8 m . 

Proposition 2: If <t,„ = 0 then DAI m (y„, 5,„) = y m + 8 m D(0, P). 

The characterization is completed by utilizing proposition 3 to com¬ 
pute D( 0, P) numerically. (The top line of table B1 in App. B depicts 
the mapping D( 0, P), which is monotone increasing in p.) 

Proposition 3: Denote by <1>(€) the standard normal cumulative 
distribution function and <t>'(c) the associated density. Then for each 
P G (0, 1) the real number D( 0, P) uniquely solves /)((), P) = 
{1 - P<D[D(0, p)]} ’pi>'(/)((), p)]. 

The two preceding paragraphs fully operationalize the index rule 
for a particular specialization. The remainder of this section analyzes 
its general properties and discusses the economic implications. An 
implication of proposition 1 is that a person choosing job m £ (n) will 
not later switch to another occupation n” t- n at least until all jobs m' G 
(n) have been sampled. The reasoning is as follows: When the worker 
initially picks m G ( n ), if at that time the person has no experience in 
m' G ( n ) either, from definition 1 the index values for m and m' ate 
identical. Also, because the worker prefers m to evei y job m" G («"), by 
proposition 1 the index value for in" is less than the index value for m, 
and thence m'. But from equations (2) and definition 2 index values 
cannot change without specific experience. 1 herefore, appealing to 
proposition 1 again, m" will not optimally be chosen unless the index 
value for in' falls as a result of work experience (in m'). 

Coroli.ary 1 : Let m G (n) and rn" E ( n”) where » n" It //", = ti"„\ 

= 1 for some s > I, then tor all w' r i < - ■ n 

Suppose, after acquiring es - 
is sampled. The proposilio- 
return to rn until every job . 
picked, from definition 1, tl.« 

G ( n) if he has no experieiu 
common index value for >•: 

Using the same argument apj 
experience in m" must be accjmreit i- 
bly fall below the index value for m. 

Corou.ary 2: Suppose {m. in', m") C («). II /l mr = d,„, - >/„„ = ! lor 
some t < s < r, then T m -, > 0. 

Corollary 1 says that whenever a new occupation is entered, all jobs 
within it are sampled before any occupational shift occtus Horn 
corollary 2 multiple spells within a job will not occut at least until 
some experience has been acquired in all jobs belonging to the same 
occupation. So if there are an infinite number of |obs in the first 
occupation a worker enters, all jobs he ever takes last one spell and 
belong to that occ upation. For this specialization the model essentially 
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reduces to Jovanovic’s ( 1979 ) framework; heterogeneity across the 
population becomes the sole reason for people to work in different 
occupations. 

Corollary 3 : Let «(#) denote the number of jobs belonging to 
occupation n. If m' E ( n ), «(#) = *>, and d m( \ - 1 , then 

f min{T„„|d„„ = 1, = 0} m E (n) 

j ' e/ 

T ,n = j 

Lf) m & (n). 

The properties of the optimal decision rule d" tan be further deter¬ 
mined by examining the properties of the mappings DAI,,,(7,,,, 8,„). In 
the present application, an index can be expressed more simply than 
in definition 2 . Central to this simplification is the standard index 

P). 

Definition 4 : For all (cr„„ 0 ) define l)(oi„ 0 ) = 1 )AI,„( 0 , 1 ). 

Less formally, the standard index is tfie DAI for a job whose match 
parameter fj,„ is drawn from the standard normal distribution and 
whose return net of the general component (x m , - t|/,) is perturbed by 
a normal random variate with variance erf,,. Whether such a job 
actually exists is immaterial; the puipose of inventing the notation is 
to piovide a reference point against which all indices are judged. 

Proposition 4 ; DAI,„(7„,„ 8,,„) = y„„ + d„«D(a m + r„,„ 0 ). 

Intuitively, the index for any job >/i £ M is just the sum of its 
expected return (net of the general component) plus a term 8,,„D( 

+ t„,„ 0), which represents the value ol the job as a source of informa¬ 
tion about itself. (Recall from definition 1 that a,„ is the information 
factor.) Clearly the propel tics of 1)AI„,(7„„, 8,,„) follow f rom those of 
l)(ot,„ + t„„, 0), since given (7,„,, 8,,„), the burner is just a linear trans¬ 
formation of the latter, and although l)(<x„, + t„„, 0 ) does not admit a 
c losed-form representation, it can be computed numerically. 

Appendix B describes the algorithm for computing D( u,„, 0 ). ft is 
based on the following proposition. 

Proposi iion 5 ; Let /•' denote the space of bounded continuous real 
valued functions taking their domain on the space (- x , x ) x (0, *,). 
For all / E F define (., a mapping from F to itself, as 

C[/ (7, a)] = 0 j _ max(0, (I - 0){7 + e[a(u + I)] '-} 

+ f {7 + e[a(a + 1)| a + l})c/<I>(e). 

There exists a unique function g(7, u) £ F satisfying g(7, a) - 
Cfg(7, a)]. Moreover, defining (,'*(/) recursively as C|C* ](/)], for all 
fEF,\\C k {f) -g||«(l - 0 ) '||C*(/j - d / )||- Finally for all (a, 0 ) 
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G (0, 3°) X (0, 1) the standard index solves l)(a, P) = (1 — 
Pr'aV-ct u ‘D(a, p),aj. 

Briefly, the function g(y, a) is approximated by recursively apply¬ 
ing C to the zero function. Since the final inequality uniformly bounds 
the approximation error, this method provides the means for com¬ 
puting g to an arbitrary degree of accuracy. The standard index D( a, 
P) is then solved for each (a, P) from the equation in g, using a hxed- 
point routine. 

Figure 1 illustrates the qualitative features obtained f rom a numeri¬ 
cal analysis of D(a,„, P) described in Appendix B (which also reports 
the results in table B 1). In the top right quadrant, the standard index 
D(a,„, P) is mapped as a function for a particular value of p. On the 
left side of the horizontal axis, the product + t„„, P) is 

graphed, while the lower portion of die vertical axis is, from proposi¬ 
tion 4, 8,,„). 

From an economist’s perspective, six main iexults emerge. The cur¬ 
rent job yields two benefits: payoff from expected reward for the 
period and information about future returns within that paiticulai 
job. Naturally, a person will opt for the job with the bigger expected 
reward if the value from the informational component is the same lor 
the two alternatives. This first result is reflected in the thud quadrant 
of figure 1. Raising y,,„ lowers the intercept on the </\ axis. 

Supposing expec ted current returns are equal, he would c hoose the 
job that provides the most valuable information. Information value is 
embodied within the term + t,„,. P) It depends on three 

factors: what is already known, given b\ the pieciston 8,„, J . the rate of 
acquisition measured bv cr,„. and pi- ' u M - ’- 

one’s initial information abut 
less one is piepared to (dig¬ 
its attraction as a source - 
tighter priors. I'hts is the x< 
would reduce both the slope 
also a,„ (from def. 1). the l.n 
Hence the product 8pi 

Furthermore, greater vaiiabihtv u. ,.. , 

tards learning about the undethmg process, that is. prioi beheN .tie 
not affected as much by any given amount of on-the-job expeneiue 
when the latter is an unreliable guide tor measuring competent e m an 
occupation. That the informational component is tliereloie less valu¬ 
able constitutes a third result Diagrammaticallv. il u,,, iucieases, u,„ 
increases and D(ot,„. P) tails. 

Fourth, specific experience t„„ retimes I)(a,„ t- t,„,, p) at a decreas¬ 
ing rate. Also, from equation (2). 8.„, is dec leasing in t,„,. Acrordmglv . 
the ray from the origin ill the top left quadrant sw iv els i loekwise as t,,„ 
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incleases. Conscf|iicntIy tfie pioduct 0) falls. Thus the 

value of additional information declines as it is acquired. 

In addition, matches about which a precise estimate can be ascer¬ 
tained more quickly lose their attractiveness as an information source 
sooner. To see this point consider the limiting case when a single¬ 
period tryout perfectly reveals match quality, that is, when ct,„ = 0. 
With reference to the top left quadrant, as ct ot approaches zero, (&,„ 2 + 
or m 2 ) l/! approaches infinity, so using (2) the ray from the origin <jt 2 = 
becomes vertical, folding into the q? axis and making the index 
value DAI,„i( 7 ct i, 0) equal to the true match parameter £ ra . Obviously, 
this would not occur if a m > 0. 

Finally, people who discount future payoffs more value informa¬ 
tion less. Intuitively, this result follows directly from the fact that 
information about a job match is a form of human capital. In the 
diagram, decreasing 0 reduces the standard index D{a m , 0) for all a m . 

These findings yield predictions about life-cycle behavior and the 
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composition of labor markets. A theory of equalizing differences 
would imply that jobs with high informational benefits pay less on 
average in equilibrium. They attract the inexperienced who relatively 
quickly discover their personal match. Workers who have passed 
through the experimentation stage will not be found in such jobs 
unless their match is uncommonly good. Jobs yielding a great deal of 
information about matches therefore tend to be filled mainly by a 
transient inexperienced population, a cross-sectional average of 
whom earn modest returns, plus a much smallei number of experi¬ 
enced, very successful, permanent workeis. The performing arts sec¬ 
tor probably fits into this category. 

On the other hand, jobs with fewer informational benefits tend to 
exhibit less turnover, higher-than-average returns to entrants, and a 
greater concentration of incomes about the mean. 

A young worker is therefore more likely to quit his job for two 
reasons. First, there is a lower probability that within a particular 
occupation his match will be supeiior. Typically an older worker has 
had more time to find one. Second, a greater percentage of the young 
are found in occupations where high turnover is endemic. Because 
they are less self-aware than older people, young people are more 
willing to experiment in activities that increase their selt-awaieness. 

Ever since Adam Smith observed the attraction to couth of some 
occupations yielding risky teturns. fie and others following him base 
explained the phenomenon in terms of a taste for the unceitiin, 
overoptimistic expectations about ahilitv, 01 status. 1 This section has 
demonstrated what types of unceit.imtv attract the inexperienced, 

explaining their attraction in tc i ms 1 1 .. 

out recourse to tastes or in. 

IV. Job Turnover 

Roughly speaking, job tin in- 
and match-specific factoix 
ranking of index values, tin |,, 
some future lime potentially dept i:> • 

jobs. Therefore, a complete cliar.icieri/ation of eqmlibi mm nn muc - 

’“The contempt ot risk anil the piesumpnioiis hope of suin'", .ml- mi no pi noil ot 
life more active than al the age at which wrung piople iluise iln ii piofessunis iSnnth 
1937, p. 109) In a similar vein, Mai shall (I't IS) hi lies, il an onupatii >n olh i s a ten 
extremely high prices, its amailiveness is uuieasrd mu ol all piopomon to iheir 
aggregate value. For this there ate [»n leasons. the lnsi is tliat voting men ol an 
adventurous disposition aie mote air rat (ed In (lie piospei Is ol a gi eat silt less than diet 
are deterred by die tear ot fathiic. anil die set ond is dial die mh ial 1 ank ol an *-n mil¬ 
lion depends more on the highest dignitt and the Ix-st position ninth i.m he atiauied 
througli it ihan on the aveiage good loitune ol those engaged in it (I'l IS. p Va t| 
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rates presents one with a formidable task, requiring the numerical 
computation of sequences of multiple integrations over the belief 
space { 7 ,,,,, 8 „ ;/ },„ e ;v/. Nevertheless some progress can be made at mod¬ 
erate cost. 

Considering job m G ( n ) held at time t G /', suppose there exists 
another one belonging to the same occupation m' G (n) in which the 
person has no experience. That is, t,„' ( = 0. By corollary 2 the with 
match has not previously been interrupted: at time l the worker is still 
in his first spell. By corollary 1 if and when he quits, he will switch to a 
new job in (the same) occupation n. This section analyzes the discrete 
hazard function associated with such transfers. They are especially 
significant when n(#) = 2 °. For appealing to corollary 3, the with 
match lasts only one spell, and hence in that rase the discrete hazard 
for the first spell is identically the hazard for the job match. 

Dekini 1 ion 6: h, IIT = + &,„,D(ot,„ + t,„„ P) < -y,„ + 8 , „£>(«„„ p)| 

T,,„ = T}. 

L.et m G (n). The statement t,,„ = t implies from proposition 1 that, 
iff,,,-, = 0 for some in' G (w), given optimization, the inequality 7 ,,,, + 
8 „„Z)(a,„ + t„„, P) 3= 7 ,,, + 8 ,„D(a„„ p) holds for all t„„ < t,,„. 1 he fact 
that at time l this inequality is reversed implies that it is no longer 
optimal to choose in over in'. 

When <t„, = 0, match quality is perfectly revealed after one period’s 
experience; hence I)Al,„(-y„, 1 , 8 ,„i) = DAI,„( 7 „,|, 0) = Noting that 
beliefs above are initially normally distributed N(y m , 8 ?„), proposi¬ 
tion 2 and definition (i imply, for this specialization, 

h ml = + 8 ,„/>( 0 , p)} - 4>[D(0, p)|. 

Furthermore, since no information is acquired alter working more 
than one period, /t,„ T = 0 (or all t > 1 . 

To derive the discrete hazard tor cases where match quality is only 
imperfectly revealed by teturns, the probability distribution T„„(p) of 
the transformed means ( 7 ,,,, — 7 ,„)o- m 1 is required. 

Definition 7: T,„ T (p) = / J { 7 „„ < 7 ,,, + p<t,„|t,„, - t}. 

The hazard /t,„ T and the distribution T,„ T (p) may be recursively com¬ 
puted for successive values of t G T. First the distribution T,„ jp) is 
found by updating the prior transformed mean (of zero) with a real¬ 
ization from the standard normal distiibution <J>(e). If the trans¬ 
formed posterior mean lies below the critical value [«,„ "-D(a„ n P) - 
(a,„ + 1) ~ Vl D(a„, + 1, P)] the spell ends. Hence the proportion of 
spells ending after one period’s experience h,„ [ is T„,, [a„, "-7)(a,„, P) - 
(a,„ + 1) "77(a„ + 1, p)]. Fhe probability distribution (1 - 

ti m 1 ) ’[Tjndp) — /i,„|] now forms the distribution of prior means for 
beliefs about remaining, uncompleted spells with one period’s tenure. 
The procedure outlined above is repeated to find T,„ 2 (p), and so on. 
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Proposition 6 ; For all (m, t) G Af x T, if a w > 0 , then 

— ct,„ 'D( a m , 3 ) — (a,„ + t) "'D((x„j + t, p)] 

Kt(p) = ^[pa^(Q,„ + If'] 

>l / W tT+l)(P) = (1 - //,„) 'll |J/,„ T [p - £((,„, 4 - t)' 2 
x(a,„ + t + l)' v ]r/4>(e) - h„ n . 

Appendix C describes how the sequence , was computed 

over a grid (<x m , p) lying in the space 10.1, 17 . 1 ] x [0.1, 0.95] from 
values obtained (or the standard index D(ot„ n P) and reports the re¬ 
sults. For any (a,„, 3 ) coordinate pair the sequence declines tnonotoni- 
cally and has ;i long tail (or reasons explained in the Introduction. 
Three Further results are depicted in table Cl. 

First, the more future payof fs are discounted, the lower the ha/atd, 
because the value ot finding a superior job man It is diminished. Thus, 
lower values of p uniformly shift the hazard down. 

Second, increasing the information factor lowers the hazard. 
Recall from definition 1 that u,„ = I Iterefore if the quality of 

job matches is difficult to forecast without specific expettence (mean¬ 
ing B„, is high) or can he determined quite amiratrlv Irons just a small 
amount of wot king experience (which occurs when tr„, is low), turn¬ 
over is higher. 

Third, over 50 percent separate with tenure of I period. 

Corollary 4: / i,„i = <I>{|/J(uhi ' 1 

Ihe economic intuition In 
ward. By definition 1 an ago: 
belonging to Ihe same octtt| 
infoimalion source declines 
of information about match 
rational expectations), the no- 
is unfavorable half the time 
fall than rise. When this hupp, 
time he chooses the occupation 

V. Data 

When any theory is confronted with data, questions about how to 
calibrate its primitives immcdi.ticlv arise ffeie. throe 1heu1e1k.1I ton- 
eepts have empirical countei parts in the data, munch johs, occupu 
tions, and returns. 

the only type of learning admitted b\ the model is about job 
matches. Ideally an entpiiic.il application should theiefore view jobs 
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in terms of those activities where the most task-specific learning takes 
place. This point is best made by example. Given the discipline musi¬ 
cal scores impose on concert renditions, a violinist’s most important 
match is neither to his orchestra nor to his conductor, but to his 
instrument. Therefore, treating successive orchestras or conductors 
as separate job matches would yield poorer empirical results than if 
the position of violinist itself were regarded as one job match. Need¬ 
less to say, the detail required to make such an approach operational 
is not typically available, and the crude employment categories 
utilized in this study severely limit the inferences one can make. 

Two interpretations compatible with the model are that the return 
x„,i represents the utility a person gets in period t from working in job 
m after purchasing consumption goods with his pecuniary income, or 
a monetary return plus a value of on-the-job amenities implicitly pur¬ 
chased. The first interpretation is valid if financial markets are closed 
to agents, while the second applies if the supply of credit is perfectly 
elastic. Much applied work measures returns with wages, but their 
link to both interpretations is somewhat tenuous. First, the non- 
pecuniary aspects of a job, an important consideration in a matching 
context, are ignored. Second, if financial markets are open, as 
Jovanovic (1979) notes, the wage contract is nonunique, so wages do 
not necessarily correspond to realized output. For these reasons wage 
data were not used; this also means the econometric results are com¬ 
patible with either theoretical interpretation mentioned above. 

The Coleman-Rossi data set was used to quantify the theory and 
assess its empirical significance. A detailed summary of the data, pre¬ 
viously used by llartel (1979) in her work on migration, has been 
provided by Ornstein (197(i). Veiy briefly, information was gathered 
in the winter of 1969 through one interview with each of 822 white 
and 767 non white men. Among other things, these men were ques¬ 
tioned extensively about their entire work history, education, and 
family background. Appendix 1) describes the < riteria met by the 467 
white men making up the sample used in this study. 

Table I illustrates tenure in and turnover between spells by em¬ 
ployment group and education level. Here tenure is measured bien¬ 
nially. 1 The number of people belonging to the sample who were 
working in each group when the survey was taken is recorded in 
column 1. Columns 2—4 successively measure the number of people 
at different tenure levels in their spell by employment group and 
educational attainment as a percentage of the corresponding total in 


' Ideally die peiiod length (which determines die arrival tale ol new inhumation) 
should be simultaneously estimated along with die other parameters ot interest, but this 
extension icniains a topic for future research. 
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TABLfc1 

Tenure and TuKNovtK bv Fmployment and Knrc aiiov 

Ci'rrlni To si nos Tan/ Sm.ma 


Percentage with Kmpmc.il 

I enure of Hazard 



Number 

r 2 


4 

N umbel 

1 

2 

3 

Employment: 

Professional 

07 

70 

<>r> 

31 

183 

01 

49 

65 

Farm owner 

22 

95 

1)0 

0 

1 1 

v» 

50 

30 

Manager 

HO 

80 

73 

33 

128 

60 

.55 

01 

Clerk 

4(1 

82 

07 

35 

175 

69 

T) 

II 

Salesman 

27 

77 

02 

29 

138 

01 

51 

51 

Craftsman 

107 

81 

bf> 

25 

379 

01 

53 

50 

Operative 

84 

80 

78 

no 

553 

68 

59 

53 

Serviceman 

13 

92 

01 

46 

60 

73 

03 

33 

Farm laborer 

0 

83 

83 

33 

111 

72 

54 

61 

Nontann laborer 

21 

70 

57 

33 

281 

78 

53 

39 

Education’ 

Grade school 

177 

81 

7") 

2H 

779 

7o 

5“ 

01 

High school 

1 13 

81 

07 

33 

->66 

(>H 

38 

42 

College 

84 

70 

hi 

35 

103 

01 

50 

50 


column 1. For example, of «lie (17 professionals interviewed, 7(> per¬ 
cent had current tenure of at least 2 biennial periods (4 \ears) in 19H9 
Column 5 is the number of previous, or completed, spells held In the 
sample population, while the last tlnee columns, the empirnai 
hazards, categorize them bv spc-ll length. I he\ show the numbei ol 
quits at specified tenure levels as a pei(< ■ " 1 n-" at 

least as long. 1 bus 58 periein 
school graduate and lasting ai 
Some indication of the mid, 
groups is given by these empn : 
occupation in an economy poj 
sponding percentages would b< 
at this highly aggregated level, u 

The apparent differences m table i . 
across employment categories < mild lesttlt fiom die exists me «u sc , 
eral occupations associated with those gioupings. Altei nativ civ . such 
differences might be wholly attiibutahle to a heterogeneous popula¬ 
tion. Under the latter hypothesis, job turnover rates depend on 
lifetime socioeconomic characteristics, tor vvhu h emplovmein groups 
serve as a proxy. One interesting specialization of this hvpothesis is 
that people with common sot loeconomic i hai.u terisin s belong to the 
same employment group. If true, no switching between einplovment 
groups would occur. A matrix of lelative frequencies depicting transi- 
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TABLE 2 

Transitions within and bkiwt.tn Emplovmkni C.kocps 


Professional 

(l«») 

Farm owner 
(-44) 

Manage! 

(128) 





07 111 4 4 5 .5 I I) I 

0 25 2 2 2 <) 49 2 14 5 

II 2 49 4 20 10 9 I I 5 


Clcik 


(175) 

1(1 

0 

14 

44 

7 

11 

15 

2 

0 

7 

Salesman 

(148) 

1 

1 

27 

li 

40 

0 

17 

4 

0 

5 

Cfallsm.m 

(.479) 

5 

0 

7 

(> 

5 

18 

18 

2 

2 

7 

Opeianvc 

(554) 

4 

4 

.*> 

0 

4 

1(1 

48 

4 

1 

1 1 

Sc i vi< email 
(1)0) 

5 

(1 

r > 

8 

7 

II) 

40 

18 

4 

r> 

Fai m l.iborci 
(111) 

a 

8 

I 

1 

2 

8 

28 

■ i 

41 


Nonfarm lalxii ei 
(281) 

1 

o 

2 

8 

2 

18 

40 

4 

1 

2'» 


lions between employment gioups was accordingly constructed Irom 
the job changes indicated by the data. In cell (?, j) of table 2 (where ; 
designates the row and j the column) is the percentage of completed 
spells belonging to the tth employment category that were followed by 
a spell in the /th. On dividing the matrix elements by 100, the speciali¬ 
zation above yields an identity matrix, which is plainly rejected by 
table 2. 

A third summary measure of the data is the spell count per job. If 
there were only one occupation and if jobs (as recorded by the data) 
were synonymous with matches, from corollary 3 multiple spells 
would never be observed. However, table 3 exhibits the contrary. 

Notwithstanding the highly aggregated form of the data, these 


Nonfarm Laborer 
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TABLE 3 

Si’hll.s Not Invoi vinc. New |obs (by Employment Group) 


Farm hum Nonfarm 

Prolrvnnnal Ounci Manage r ( It i k S4trs111.nl ( lahsinan Opetame Si r mi « man ! .ilxurf l.aboicr 

10 12 8 3 4 13 19 I I 18 


diagnostics provide weak, informal evidence against the hypothesis of 
a one-occupation economy (as given in del. 1). The empirical hazards 
differ markedly across the various categories, people do switch 
groups, and multiple spells within jobs occur. 

Several caveats are, however, in order. Although half the spells 
recorded as completed end within a single (2-year) period and the 
empirical hazard for completed matches declines, the relative fre¬ 
quencies are not directly comparable with data in Appendix be¬ 
cause the former are computed from censored data. Moreover, the 
top portion of table I makes no allowance for population hetero¬ 
geneity. For this reason the probability transition matrix has limited 
value too: it is hardly surprising that the speciali/ation is not 
confirmed by the clata, given its unreasonable premises I-mallv. the 
assumption implicit in table th.it positions .ne synonymous with 
matches may be questioned; returning to a jxisition pie\iousl\ held 
can entail another boss, more modern mnehinen, and '01 different 
duties. In such cases it might be reasonable to |»resume a new mate h is 
beginning. 

VI, Econometrics 

The pitfalls of interpreting dai 
score the value of proceeding n 
aim here is twofold. First, u. 
occupation model are estimated L, , 
metical analyses already undertaken b. 

hazards depicted in table I, the hazards estimated below coniml Hu 
both observed and unobserved heterogeneity Mmeoyei, dies are not 
subject to censoring bias. Second, likelihood ratio tests ai e c undue led 
to determine the significance of heterogeneity and also whether in¬ 
corporating employment group dummies increases the explanatoiv 
power of the model; under the null hypothesis of one occupation the 
collective contribution of the employment dummies would be in¬ 
significant. 

The discrete hazards, as given by definition <>. form the basis of the 
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likelihood function L. Let/> T (a, 3) denote the unconditional probabil¬ 
ity of a person with discount factor 3 working t periods in a new job 
with information factor a before switching to another new job in the 
same occupation. That is, 

T I 

f) r (a, 3) = h T (<x, 3) I! t 1 ~ M«> 3)1- 

>- 1 

Then the joint probability of spell duration times observed across the 
sample is 



There are / workers, and associated with the jth person are (j) job 
spells; in the one-occupation model each spell i £ (j) corresponds to a 
different match. Denote by ,\(t) the information contained in the data 
set about the duration ol the spell associated with the ;th observation. 
For the ith observation, the econometrician might observe a spell 
ending at tenure t; then .s(i) = t. So far as the current spell is con¬ 
cerned, the econometrician observes it lasting t periods or more; in 
this case s(i) = {t, t 4 1, . . .}. 

Assuming momentarily that the parameters (u,, 3;) are either (cxi„ 
3 1 ,) or (a a „ p 2/ ), f° r some ^ G jO.6, 0.7, 0.8, 0.9, 1.0}, the probability 
ol the event dO is 2 Te , (1 )(/> T (tt,„ 3, ; )A. 4 /> T (a 2 „ 3 2/ )(l ~ *■)]■ Condi¬ 
tional on {a| „ cxj,, 3i/. p 2 ,}/<?/. die maximum likelihood estimate for X 
can he obtained I rum /.. This approach explicitly recognizes that cer¬ 
tain variables relevant in determining match quality, like physical 
stamina, emotional makeup, and work environment, are measured by 
the data only poorly, if at all. Their joint effect is modeled here as a 
Bernoulli distribution. So with probability X the ith spell falls into the 
lirst unobserved state, and with probability (1 — X) into the second. r> 

Naturally, the set {on,, a 2 „ p !; , 3 2/ }, g(;) is not observed for any i E 
(/), although vectors of dummy variables z, and z, describing the socio¬ 
economic characteristics of each spell and each person are observed. 
Accordingly, the information and discount factors are assumed to be 
linear mappings of these observed characteristics: 


= z',a k , 

k = 1,2 


CM 

II 


(5) 


r ’ T his form oi unobserved heterogeneity lias a mover-stayer interpretation. Allot na¬ 
tively it may he viewed as an approximation to the nonpai ametric methods proposed bv 
Heckman and Singer (1982, 1984). Given the dimension ot die parameter space and 
the model's structure, a two-point distribution with interactions was found reasonable 
lor the sample si/e under consideration. 
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TAB1.F.4 

Maximum Likelihood Estimails mir a One.-Oc cci'a i ion Economy 


Structural Parameiers 


Education 


(X 2 

Pi 

02 

A 

Grade school 

3.1 

16 1 

.95 

.95 

7 

High school 

3.1 

15 1 

95 

95 

9 

College 

16.1 

16 1 

95 

.95 



Substituting (5) into /., maximum likelihood estimates for r/,, a 2 , b x , b>>, 
and X are found by evaluating the likelihood at all points belonging to 
the discrete parameter space depicted in table Cl. 

VII. Empirical Findings 

Table 4 presents the maximum likelihood estimates for a one- 
occupation economy. Job matches are classified according to the edu¬ 
cational attainment of the worker involved, and unobserved hetero¬ 
geneity is modeled as a binary random variable, l'wo findings are 
noteworthy. 

First, the effect of education is nonmonotone. After margining out 
the unobserved heterogeneity, the maximum likelihood estimates of 
the information factor are 7, 4, and 16 tor the respective educational 
groups. This result is not surprising. Higher eduiattonal attainment is 
conceivably associated with faster le.irmn-, ib.mi mmli uu.iliiv. 
greater opportunities for spoi l 1, 
choices. On the other hand, gi i 
for low aptitude in deciphet ac¬ 
tively lower cr, raise 5, lower ft, ai 
a ambiguous. 

Second, the estimates of the 
furthermore equal to the uppei 
misspecification. Because the theorv «n.*■. 

due to poor matching, turnover attributable to other lauses piohab., 
induces upward bias in the estimated hazards (which are detetmiued 
from table Cl using the estimates of table 4). Since the hazard is 
increasing in the discount factor, such upwaid bias might be responsi¬ 
ble for the unrealistically high estimates of (} obtained. 

To gauge the importance of education and the viability of the as¬ 
sumption that people never switch occupations, seven othei variations 
on the basic framework were run. Four pei mutations of the model 
are generated by successively omitting and including education and/ 
or unobserved heterogeneity. In addition, the mlormation factor was 
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TABLE 5 

Toni boiiing kib Eihicaiion LRTS) 



UNOH.ShRVHJ 1 |H tROf.tNfll Y 

r.M ri.OY MIN! 

No Yes 

No 

Yes 

<9 5, 792.4) (18 3, 78.3 9) 

(33 9. 79fi 8) (84, 809 0) 

Con i Rot i Inc. 

TAB1.F. 0 

cor Employment Group (xV,(ip. I.RT S) 


t’NOBShRV ru 111 ILROC.INH 1 Y 

Eure a i ion 

No Yes 


No 

Yes 


(Kill. 77 3) 
(40 1.81.7) 


(28 0, 00.3) 
(titi, 81 .7) 


allowed to depend on the employment group in lour of the eight 
vatiations. 

Table 5 depicts the results of likelihood ratio tests that examine the 
significance of education. I'he data support the view that educational 
attainment is associated with different beliefs and learning speeds, 
generating systematic differences in turnover behavior. The second 
entry in each cell LRTS (likelihood ratio test statistic) is minus twice 
the log likelihood ratio, while the first is the corresponding boundary 
for a .05 si/e test calculated from a x~ distribution adjusted for the 
appropriate degrees of freedom, q. Regardless of whether unob¬ 
served heterogeneity is accounted for or whether employment dum¬ 
mies are included, the null hypothesis of no effect is (asymptotically) 
rejected/’ 

Perhaps the main finding in this section is that employment group 
dummies have an impact. Table 0 shows that, regardless of whethci 
unobserved heterogeneity and educational differences are incorpo¬ 
rated, the null hypothesis—that the information factor does not de¬ 
pend on the employment category of the match-—is rejected. Since 
individuals are mobile between employment categories (as seen lrom 
table 2), explaining this dependence in terms of unobserved 


” It may also be worth im nlioiiinK that when unobseived heterogeneity is introduced 
in the ptcsence of schooling anti employment group dummies the iniprtnemeni in the 
maximum value of the log likelihood is negligible (from -2,202 to -2,201) 
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heterogeneity, while a logical possibility, seems implausible. More rea¬ 
sonable is the conclusion that the employment categories, rough as 
they are, actually indicate something about the nature of the work 
involved and that the characteristics of matches (or. more generally, 
job-specific capital) differ across these categories. Given this conclu¬ 
sion, it follows that rational individuals will consider the sorts of issues 
analyzed by the theory above as thev move through their working 
lives. 

VIII. Conclusion 

This paper extends the matching literature bv formally incorpoi ating 
the notion that people try out several jobs, perhaps from different 
occupations, depending on how things go. it exposiis the optimal 
decision rule, showing which jobs should be sampled first and foi how 
long. Then the turnover rate is deliver! numerically tor an economy 
where, after controlling for socioeconomic tiaits, all differences be¬ 
tween jobs are attributable to match-specific considerations. I he pa¬ 
rameters of such an economy are estimated using panel data, and the 
hypothesis that people do not switch occupations is rejected. 1 lie 
empirical findings bolster the theoietical portion of the paper, li ar¬ 
gues that since the value of specific cxpei iem e varies across job iv pes. 
optimizing behavior induces a stochastic career profile, jobs vieldmg 
returns that are subject to a particular form of uncenainlv aie expcr. 
merited with first. To the casual social commentator, these jobs seem 
underpaid, and the young, ine\|>et tent eel workets engaged m them 
look gullible or foolhardy; but in pmr 1 ' ' ' '' • ‘ »r..r> 

the truth. 


Appendix A 


This appendix proves die piopi.- 
frequent use is made of the loll" 
Lemma I: For all m £ Af 


1)AI,,,(7„,„ 8„„) = suj) /•;, (I 

T -'t L 



l \ 


Proof: From definition 2. 


DAIJv &„,) 


f' 

i; 

T 

^ (3' '(v„„ ~ <M 

A 


r - t 


_ 

T 



/•J N V ') 

> 
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(subtracting DA1„(7„„ 8„„) from both sides) 

= sup A')|^ P'~'(x,„ r - i|»,)j - 3 ’ 'jnAI m ( 7 „„, 8 „„) 

(multiplying thiougb by [Ji, 2.%, 3’ “']) 



- (1 - 3)~'(1 - 3 t " + ')DAI„ j (y„„, &„„) 

since (I - 3)~\l - 3 T ~'' 1 ') = 1%, The proof is completed upon 
multiplying thiougb by (t - 3) and adding DA I,, 8„„) to both sides. 

Proposii ion 1: Denoting <•/" as the optimal decision title for the problem 
described by equation (8), if <(*, = 1, then 

D A 8*,) = mux l DA I (Ym/, 8„„)]. 

m£M 

Furthermore, any tie-breaking rule between the maxima is optimal. 

Proof of I’roposi t ion I. Appealing to lemma 1 and noting that the genet al 
component iji, is received regardless of whit It job m 6 M is chosen, theorem 2 
ot Giuins and Jones (1974) applies directly. 

Proposition 2: If cr,„ - 0, then DAI,„(y,„, 8,„) = -y„, + 8„,/J((), 3)- 
Proposition S: Denote by cjr(*) the standard normal cumulative distribu¬ 
tion function. Then for each 3 e (0, 1) the ieal number D(0, 3) uniquely 
solves D((), 3) = (I - 3<J>(/;(0, 3)]} '3<1>'[D(0, 3)j. 

Proof of proposii ions 2 ani> 3: Front lemma I, 


DAt„,(Y,„, 8,„) 


sup /•;„ (1 - 3) V 3 r (* mr 
r er r=o 


«K) + 




Supposing cr„ — 0, after one period’s experience, the match parameter is 
perfectly revealed. Therefore if t„, " DAI m (y,„, 8,„), setting t = » is optimal 
Otherwise r = 0 is optimal. Hence 

DAI„(y w , 8,„) - (I - P)7* + 3F.„(ntax[^, l)AI( 7m , »■)]}- 

Let <t>(e) denote the standard normal distribution f unction. Noting that Iseliels 
about are initially distributed N(y„„ 8i): 

DAI m (> m , 8 m ) = (1 - 3 )y„ + 3F-o(max[-y m + 8,„e, DAI( 7m , 8 m )]J 


+ K\il- 


ojiiiax e 


DAI(y„„ SJ 

8,„ 


Let x = 8 m ’[DAImfYn,, 8 ra ) - Y m ], subtract y,„ from both sides of the equation, 
and then divide through by 8 m to obtain the recursion 
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x = 3i' 0 [mak(€, x)) 



x<J>(x) + 




= 3[x<l>(x) + <J5’(X)]. 


For each 3 £ (0, 1) consider solutions to the equation above in x F 10111 the 
definition ol x, 8“ '[DAI^dy,,,, 8,„) — y,„] solves the recursion lor all 3 6 (0, I) 
Setting (y m , 8 m ) = (0, 1), pioposition 3 is established on real ranging teiins. 
Also, d(l.HS)/dx = 1; d(RHS)/dx - 3 < ^( ;f ) < !• Hence /•>((), 3) is the unique 
solution to the equation above, implying /)((), 3) = 8,„ '(l)AI,„(-y„„ 8 m ) - -y„,]. 
which, on rearrangement, yields proposition 2. 

Proposition 4: I)Al„(-y„,„ 8„„) = y„„ + b,J)la n , + T „„, 3) 

Proof of proposition 4: II cr,„ = 0, the piool to propositions 2 and 3 
applies. Accordingly, suppose <r„, > 0 Fiotn definition 2, 



(adding and subtracting y„„) 


= y„„ + sup 

T * f 


F-, 


3 Iv , 4c ■ 7 ,„i I 


(multiplying and dividing the hi 
lions (1) and (2) in the text. 
+ (a„, + t„„A s ol' time 
normally distributed A'( 7 .,„, f>7.' 
are normally distributed .V((), 1 1 


D( a, + T„„, 3) = sup 

t *r 


Substituting the left-hand side of this equal ion into the e\pt ession derived 1 01 
l)AI m ( 7 „ 1( , 8„„) above, one obtains the lesnlt lor ir„, > 0 

Proposi cion 5: Let F denote the space ol bounded c ontinuoiis real-valued 
functions taking their domain on the spate ( - x . x ) * (<>. fot all f £ i 
define C, a mapping fiom F to itself, as 




\ 


tl„ , t < 
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C[j(y, a)] = P j max(0, (1 - P)b + *!«(“ + 1 >1 

+ f{y + e(a(a + 1)] a + \})d$(e). 

There exists a unique function gb, a) £ F satisfying gb, «> = “)!• 

Moreover, defining C k (J ) recursively as C'[C't_ i(/ )], tor all / £ t,\ »-*(/) gl 
<j(l - p)~'||T*(/) - 6'*_i(/)||. Finally, for all (a, P) e (»,») X (0, 1), />(<*, P) 

„ (1 _ p)-'a'Vf-aP), «1- 

Proof of phoponii ion 5: Note tfiat /■ is complete and therefore, hy Black- 
wells (1965) sufficiency conditions, C is a contraction Hence (he contraction 
mapping theorem applies, simultaneously establishing the existence <>l a 
unique fixed point g(y, cx) and the inequality stated in the proposition (see 

Smait 11074] for details). .^ r _» 

Now suppose ct„, = 1, which implies 8,„ - I hen, fen ally E ( • )■ 

define 


V(y. y„„ «*) 


sup /•;„) 

ft /' 


- p> 2 p r(x ' 


<K) + 


P T+ '.v 


g,b,,„ u,„) = PKu max[0, V(0. 7„,|. + 1)1 

One can establish gb, n) - *,<7. a), i o piove this c lain), observe that 

f.fgrb,,,, <*,„)) - P f _ max(0, (I - P)h + + ! )l 

+ gib,,, +■ cf«„,(oi,„ + I)] + I})t/<h(e) 

(from the definition of C) 

= p/;„ max| 0 , (1 - p) 7 ,„l U'i(7»i.«. f 1 >1 

(using e<|. [21) 

= \SF„ maxjO. (I - P)7,„i 

+ p/i, max[<). V'(f), y,„j, + -)]} 

(from the definition of gi) 

- p/-;,, max[ 0 . V 7 (<>, 7 * 1 . + D] 

(appealing to Bellman s [ 1057] principle of optimality) 

- A'i(y,„. a,„). 

Thus gi is a fixed point lor C on F So from the uniqueness olg, the claimed 
identity between g, and g follows immediately. Henc e, appealing to Bellman s 
pi inciplc once more, !'(<>, 7 ,,,. <*,„) = d - P)7„. + Also, since cr,„ - 1. 

the definition of V(y, 7 ,,,, a,„) implies by lemma I that 

F[IJAI„,(7». «„'•). 7™, «J = I)AI,„( 7 ,„, a,,, 1 ') 

- 7m + OL m "V(a,„, P), 

the second line following from proposition 4. Selling 7 „ = ~a„, V(a m , P). 
then, 
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0 = DAI ra ( 7m , a"'*) 

= v(0, -a„,'‘T>(a„„ (3), a,,,'-'] 

= -(1 - P)a,„ “‘D(a m , 3) + jf|-a,. , -'»(a m .P),a„]. 

Proposi tion (i: For all (m. t) E. M x T 

K -, = i,|«,'"C(a„, 3) - («,„ + t) + t, 3)] 

4»™ i (p) = *[pa^(a. + 1)'-'] 

<t< m (T+l)(p) = (1 - ftm-r) ~'j [ 4'»,r[p ~ <(«,„ + + T + 1 )'- k„ 


Proof op proposition <i: From definition <>, 
h „,t = /M'Ymi + 8„,,D(a„, + t, 3) < 7», + 8 m fi(a„„ 3 )|t„« = t} 

= Tb,,,/ + <r m (a m + t) l)(u,„ + t. 3) < 7,,, + <r„,a„,“JJ(a„„ 3)|t„„ = t} 

(noting from [2| that if t„„ = r then ft,„, - + tJ ‘ v ) 

= Pbtmt < 1m + "7)(ot„, 3) («„, F T) 7 ->(u„, + t, 3)]|t„„ = t} 

(subtracting a,„[a,„ + t| ‘J[a+ t, 3| from both sides of die inequality) 

= <Knl°Gi ' V f)(0l m> 3) - («. + T) ’ D(ol,„ + T, 3)] 

(from del'. 7). This proves the first equality in pioposilion t>. Also from 
definition 7, 


<K»i(p) = P\y m , < y m + = 1} 

= Phr, i < y,„ + p<f,„|t,„i -■= 1} 

(since Irotn cq. [1] net leturns [v„„ - >|r,] ate identi<ally and independently 
distributed over time) 

= P {[§.,',‘7™ + cr„,"(x„, | «!>, 1 ]Gs ' • .r -i 1 •. <- | nr ) 

(from eij. [2]) 

= /-’{[out* + (*«i - 'I' 

(multiplying the numeraloi and d- 
noting a„ = 5,; 2 <r;„) 

= P{<r„, l {x m t - «ti| - y 

(sublractiiig y,„ from both subs 

through bv tr„ '[ 1 + a,„|). But I tom I 1 i. n 

«„l. Beliefs about the first expicssion on the I ighl-ha. a. '.>a 

bution /V(0, a,„'), while the second is independently distiibuted A(0. Ii 

Hente beliefs about the left-hand sale .tie disii ibulcd ,V(d. I r u„, ) I lute 

fore, supposing e is a siandaul noiin.tl landom yatiate. 


«l»,„i = P{<J,„ ‘(',»i - d»i y.,) <- p( I 
= T{(1 + «.') "« P(1 f <Ol 

= l’{t < p( I + «,„) ) 

s <f>[pa',;(a,„ + I) ‘ | 
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This proves the second equality in proposition 6. Finally if d m , = 1 for all t *= t, 
then from (2) 

■Ym(T+ n = ((“». + T)y mT + (x m , - ilt,)](a„, + t + 1)~' 

= (“m + T )(“m + T + 1 + («„ + T + - t|» T ) 

= (a*. + T )(“m + T + 1) + (“m + T + 1) ' + a m e mT ). 

Since beliefs about Cm are distributed JV(*y mT , 8*,) when t m , = t, and e„„ is 
distributed iV(0, 1), Cm + “m«m. = Ymr + (8m T + where « is distributed 

,V(0, 1). Hence 

7m(T+h = (“m + T )(“m + T + ITS-it + (tX„ + T + l)‘'hmT + (Sm, + “m) W t] 
= 7mT + (“m + T + l)" l (8'i, + <r't) W f. 

= 7mr + “m(“m + T + l) _ '' 2 (a„ + 

since (a„, + r) = 8 mT a tr'i if -r„„ = r. Appealing to definition 7 and substituting 
for y»(t + i )• 

l)(p) = / J hm(T. 1) < 7m + “mP|Tm(T+ll = T + 1} 

= /’(Ym, < 7m + “m(P ~ (a m + T + 1)"^ 

x (a, + T)-" 2 t]|T WT = t, ui r = i}. 

Using definition 6, observe that 

I’{dir = = T} = 1 - P{d'lr = 0|T ra , = t} 

= I ~ P{ 7 mT + 8 m, 0 («m + T, P) < y„ 

+ S„/J(a m , P)|t„ t = r) 

= I ~ h„r. 

Combining the last equation with the expression obtained for «|i m(T+ i,(p), one 
obtains 

(I - A„ T )4( m(T+l) (p) 

= Piymr < 7m + “m(P - (“m + T + I ) " Vn + T> ~ 

= T, d° ml = 1 }P{dlr = llTmx = t} 

= f’{7mr < 7m + “m[P ~ (“m + T + I) “ l '*(l»„ I + T>~ **«). d°„ t = 1|t„ t = t} 

= P{KD(a„, p) - 6 „rD(a m + t, P) < (y mT - y„) 

< “m[p - (a m + t + l)~ w (a m + T)' l,l! e]|T mT = t} 

(applying the DAI rule, given there exists a new job in the same occupation as 

m) 

= /'{(7mT - 7m) < “m(P ~ (“m + 1 + 1) ' A (a m + t) “ '^«]|t„ t = T> 

- r{5„D(a m , P) - & m rD(a m + t, 3) < y mT - 7m|T„ T = t} 

= P{ 7mr < 7m + “m[p - («m + T + 1+ T) ' = t} ~ /t„ T 




(using def. 6) 
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P{y„ n < y m + ojp - (a,„ + t + 1) + t) 1 

= t. e}«i4>(t) - h„ 

= { ^ >l*„„[p - K + t + 1) + T)-’’e]rf«l>(€) - ><„„ 

The last line follows I tom definition 7. Dividing lliiough l»v (1 - /t„„) die 
third equation in pioposilion b is obtained, thus completing the proof 

Appendix B 

The procedure below describes bow to compute the standaid index I hen 
the properties of the resulting approximation ate discussed. 

i) Given ( a p (3>) £ [0, x ] x (0, I), tec ursively dehne the film (ions />,<y. oj - 

li), which map [ —x, x) inLo itself, as follows First, /„(-y, u,) = 0. Second, 
fh i i ("Y, a, — h - I) is the cubic spline that knots together a finite number of 
coordinate pairs \y„Ji, , i(y,, a, - li— 1)], the abscissa y, being dialsn liotii a 
finite set and the oidinate//,» dx, a ; — h— I) being determined from 

fh+\h>' a.i - li - [) = C[fh(y„ «, _ /t)|- (A cubic spline is a piecewise cubic 
polynomial that joins coordinate pairs so that the icsulting function is twice 
differentiable everywhere.) 

ii) Given a finite set {«,},<.-/. let {o*}c C s be the linear (tansfoi illation {«*}* eS ^ “ 

{«; + Ojsy 

iii) Obseiving from ii that /,,+ i(y„ u* — A — 1) ~ //,, dy„ u, It), suppose 

that v is the lowest counting number that, for all (y. a) £ {y,),<=i * 
satisfies |/ vf i(-y,, a, - v) - y„ a, - v)[ - 0 DDK 1 3*) 

iv) Finally, let D lk denote the (unique) solution to the equation l) lk (1 - 

3*)” 1 (oc, - v)' -y v .[(ot, - id” "•’/),*. u, - v] I he nunibei />(«, - i\ 3*1 was unend¬ 
ingly approximated by /),*. I he lheoietic.il |ustilication lot this appioxim i- 
tion comes Ironi proposition 5. if ||f.( /,.(y. «)1 /dy. «>i| 11 ddlt I 3 1 - du n 

||g(y, a) - / v (y, ci)|| •S 0.001. Upon suli'iitminj /,(v ol Im gty. o) m du 
equation D(a — y, (j) * (1 — 3> 

the approximation proposed abo. 

This algoiilhm is subject to tw 
|| || is applied only to the finite sei 
set [ —x, x] x [0, x], Second, the 
determine l)(a, 3»), lather than u‘ 
apparently, be cheaply contiollc. 
than 0.95. At high levels of 3 d 
increased to satisfy die convei gene < 

Fable B1 reports computed values "t / 

P). The numbers down die leit side ot die lable indicate o.uo ■ ■■ 

. . . , 17.1], while those across the top teler to i.lines of (} £ |t> I, . " 1| ->J 

Appendix C 

File following procedure desenhes how locoinpnte the sequence ol h t/,nds 
{h,(a, p)}?, i for different values of c» and 3 

i) For each 3* compute a cubic spline lot /doc. 3*> *>' Isiioiung togcdic i the 
points delei mined in Appendix 1) 

ii) Appealing to the second equation ol piopositmn o, compute <KiUd 
directly. Hence, ft ml is deteimined ftom the lust equation m pioposition (i by 
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using step i to evaluate «|i m ,(p) at the number [a"'/)(a, 0*) - (u + + 1, 

£*)]■ 

iii) Substitute <\> m i(p) and h m | into the thud equation of proposition 6. riien 
roitipute 4'm , 2(P)- Using step i again, evaluate this distribution at the number 
[a ^D(a, 0*) — (a + 2) D(a + t, 0*)) to delet mine h m ^. Continuing in this 
fashion, h,„$, h„, q, and h m r, are successively determined. 

T able C 1 reports, for 230 coordinate pail s (<«,„. 0), the computed sequences 
{hnn (ot m . 0)K i- I be numbers down the lelt side ol the table indicate values of 

a m £ [0.1.171], while those across the lop refer to values of 0 € 

[0.1.0.95], 

Appendix D 

Not all the 822 life histones in the subsample ol whites were adequately 
documented, and a number of conditions were imposed that individual data 
were required to satisfy lot inclusion in the anaUsts. 

i) Information about full-time activities had to be continuous!) tecorded 
from the time of entry into the labor force through to Januai v 19(19 Full-time 
activities comprised full-time education, full-time employment, and full-time 
other, all of which were explicitly coded (loss 200) 

n) No overlaps in full-time activities wete pci muted Oseilaps can occur 
because of miscoded spell dates, multiple lull-nine jobs being held simulta¬ 
neously, or, in some cases, the classification ol seasonal work (brought about, 
e g., by a schoolteacher's taking a summer |ob) It was difficult to distinguish 
these three cases without access to the questionnaites, and so icspondents 
with any overlapping lull-time employment spells were chopped (loss Ill), 
til) Respondents with missing data on spell dates and leltv.ml \ iliable 
codes were dropped (loss 5), as were those whose term els claimed a sjx-ll 
finished before it slatted (loss !H) With respect to conditions i—in, lor lull- 
time spells, sjtell beginning and sjjell ending dates aie available in two fen ms. 
a continuous numeric code and a montli/ve.ii code When cases l.nled ui 
satisfy all of the conditions above using the iiuiihiic codes, an attempt was 
made lo salvage them using the vc-.n'moi'.d' ' 11 - 1 " 1 ' • ■'< - 

so, after netting out two who pm sm 
wotk history, this left the 167 wl 
study. 
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The choice between wage labor and sharccrop <omracts is unah/ed 
in a model that avoids both the pitfalls of pres ions models— 
inefficiency of sharer lopping and incleieiiniiiaty—In imtodncing 
transactions costs with appropriate nonlinearitios Plantation data 
from tlie American South provide ettipiuc.il Mippoit loi the In- 
polliesi/cd nonlinearity in li ansae lions (osis and simultaneous deter¬ 
mination of direct supervision and contractual choice 
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forcement costs associated u. 
siderable attention as explaii 
firm (Akhian and Demset/ I" 
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ations have not played such a prominent role in the literature on 
contractual choice in agrarian societies. 1 2 

In view of the particular difficulty that has arisen in explaining the 
existence of sharecropping and its pattern of variation from country 
to country, region to region, and crop to crop, we demonstrate that if 
transactions costs—typically far from negligible in the agrarian con- 
textIHiggs 1974; Alston 1981; Alston and Higgs 1982)—are incorpo¬ 
rated into an otherwise standard neoclassical model, the existence of 
sharecropping can indeed be explained. Moreover, this can be done 
without resort to the ad hoc allocation of monopolistic powers across 
the different agents or to the introduction of interlinking with credit. 
Since monopolistic powers require some transactions costs to main¬ 
tain, and since interlinking can be considered indirect supervision but 
would also require direct supervision in order to rule out access to the 
regular (noninterlinked) markets, the transactions cost explanation 
may well be considered more fundamental than the other explana¬ 
tions." 

Sharecropping literature has foundered on two alternative views 
about how the labor inputs of sharecroppers tire determined. The 
traditional and still probably the dominant view is that the choice with 
respect to the level of labor inputs is the exclusive prerogative of the 
sharecrop tenant himself. Alternatively, the neoclassical view is that 
labor inputs are determined through the interaction of both parlies, 
landowners and sharecroppers. Neither view, however, is satisfactory. 
The shortcoming of the neoclassical approach is that choice among 
alternative contractual forms becomes indeterminate; all forms are 
equally efficient. Since in the real world the pattern of contractual 
choice is much more systematic, with certain forms being dominant in 
certain regions, time periods, or crops, the neoclassical view has no 
explanatory power without transactions costs/ The problem of the 
traditional approach is that, even if it is couched in terms of a general 
equilibrium framework (e.g., as in Bardhan and Srinivasan [1971]), 
there is no way of conveying to the tenant the scarcity value of land il 


1 I tie exceptions include Cheung (1969), Higgs (1974), Newbetv (1975). Slight/ 
(1975), Roumasset (1976), Lucas (1979), Newberv and Slight/ (1979), Roumasset and 
Uy (1980), Alston (1981), Kotwal (1981/t, 1981A). Alston and Higgs (1982), and Has- 
ami and Kikuchi (1982). However, none of these autlioi s has formally applied supervi¬ 
sion costs to determine a unique solution with shateciopping. 

2 See, e g., Bravcrinan and Sttglitz (1982) With reference to their model, when the 
landlord wants either to cncouiage (through subsidi/alion) or to penalize (thiough 
taxation) the tenant's use ol ciedit, supervision would have to be applied to block the 
tenant's access to the credit market. 

1 The closest thing to an exception is the paper by Kant (198.8). Kant's model, how¬ 
ever, departs substantially from the standard neoclassical model in that it utilizes pro¬ 
duction functions with variable returns to scale and highly restiictive assumptions 
about the substitutability and matketabihly ol different types of labor 
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he is allowed to determine unilaterally the labor input per unit of land 
on sharecropped land. As a result, the tenant tends to supply 
infinitely small amounts of labor to a given amount of land (or, equiv¬ 
alently, to demand an infinitely large quantity of land for a given 
quantity of labor), yielding an “equilibrium" solution in which the 
marginal productivity of sharecropped land drops to zero and there is 
no reason for sharecropping to exist (Newbery 1974; Bagihi 1975; 
Reid 1976). 

Although an ideal theoretical model of contractual choice would 
incorporate all types of transactions costs, this paper deals only with 
supervision costs. This docs not strain the credibility of our model, 
because empirically supervision costs have been the most powerful 
explanatory variable among transactions costs (Higgs 1974; Alston 
1981; Alston and Higgs 1982). Further, in the empirical section of 
this paper, we are able to control for risk and for negotiation and 
enforcement costs. In out model the wotker-sharecropper can be 
given the right to choose his labor input (and hence to shirk) but is 
constrained from doing so by the penalty imposed il he is caught 
shirking by the supervisor(s).' Through supet vision and the threat of 
penalties, the scarcity value of land is communicated to the tenant, 
thereby constraining not only his labor supply (foi gi\en land) but 
also his demand for land (with given labot) As long as there are 
appropriate nonlinearhies in these supet vision costs (assumed to be 
the responsibility of the landowner), the resulting solution avoids not 
only the inefficiency problem ol the tiaditional approach but also the 
indeterminacy problem of the neoclassical approach. 

In the Appendix we present a sin • ' . 

of the choice between wag< 
factors labor and land as in 
strate that if supervision cos' 
eluded, the model yields solm 
ties.’ Without transactions • 


1 For reasons given bv Hav.um am) K,k 
to be collected bv the landImd but i.nliei .0 .1 .. , 

discliaige fot poor pci I'm mam c Hu assumption ili.it the pcn.iliv onus null iih 
extent ot shirking can be thought ol as altcifing the ih.tr niii •> I ihc stall men' o| 
dischaige—eg, a “bad < onduct'* disih.ugi Ini pool pt t toi mam c and 'ctiv-had 
conduc t“ discharge tor vei\ pool pci lot malice I In I .it t itr.it the pen. tits thcunikei- 
tenant pays lor being detected shn king (01 in ibis < ase moon lighting I does not at 1111c to 
the landowner is attubuled to the static cli.naitei ol the model I11 a more dcn.iiinc 
model, the distepute the tenant earns I10111 ihe pcn.iliv could he ltdiccled m a lower 
wage rale or a higher crop shating rale tor die landlord in the subsequent! ptoiod 
5 Nonsubsliluiabilny and nonmai kelabilnv ol chtleicm lalmi tipcs in Paul cl't.st) 
could be interpiclcd as uicolving dilleic utial ii ans.n lions ' os!■ m ibcui tunplov men! 
Moreover, his vanablcTo-s<ale piodiunoii liuuiion selves ihc pinpose ot piovitluig 
the appropriate non line.ml its loi .ltbic-vmg an inteuorsolution 
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either into the neoclassical approach with indeterminacy but no 
inefficiency or into delerminacy with inefficiency. 

Hypotheses and Tests 

In a generali/.ed model of contractual mix, choice of contract depends 
on how transactions costs—negotiation, supervision, and enforce¬ 
ment costs—and risk vary across contracts. 

In considering the three agricultural contract forms—wage, share, 
and fixed rent—there is little reason to believe that negotiation costs 
vary across contracts (Alston 1981). On the other hand, there is every 
reason to believe that supervision costs vary by type of contract. In 
particular, supervision costs tend to decrease the more closely effort is 
linked with reward. For this reason, supervision costs are greatest 
under wage contracts, since the reward—the wage—is based on the 
amount of lime a worker spends rather than on his output. On the 
other hand, supervision costs are least under a fixed-rent contract 
because the landlord receives his payment for land regardless of the 
length and intensity of work effort, provided either that the payment 
is prior to the harvest or that the work effort is certain to yield a 
suf ficient harvest to pay the landlord. Since workers under sharecrop¬ 
ping receive only a share of their marginal products, sharecrop con¬ 
tracts occupy an intermediate ground in the supervision cost spec¬ 
trum between wage contracts at the high end and fixed-rent contracts 
at the low end. This simple ordering of contractual arrangements, 
however, might not hold if other factors, such as the underreporting 
of output or land mismanagement, were considered. 

In addition to supervising labor work effort, the landlord has an 
incentive to monitor the use of any other inputs that he supplies to the 
production process (Alston and Higgs 1982). Careless or excessive 
use of the landlord’s work stock, equipment, or land would result in 
the depreciation of such assets. The more inputs and the more valu¬ 
able are the inputs that the landlord supplies, the greater is the incen¬ 
tive to monitor. T he marginal cost of monitoring inputs, however, 
tends to decrease as the number of inputs supplied increases. For 
example, the marginal cost of supervising labor work effort may he 
small if the landlord already monitors the use of his work stock by the 
worker. 

In addition to these economies of scope, there may exist economies 
of scale in supervision—in terms of the number of employees moni¬ 
tored—up to the point where the supervisory capacity of the owner is 
reached. When another supervisor is hired, there is a discontinuous 
jump in supervision costs, after which marginal supervisory costs 
again most likely fall until the capacity of that supervisor is fully 
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utilized. Other things being equal, the marginal costs of supervision 
are not as low for hired supervisors as for owner-supervisors because 
of the need to monitor nonowner supervisors. (Such costs, however, 
might be reduced if the hired supervisors were relatives.) 

One might wonder why landlords could not dispense with the di¬ 
rect supervision of labor effort by indirectly monitoring it through 
the measurement of output. 1 ’ For example, if output were to fall be¬ 
low some mutually agreed -011 amount, labor could be penalized by 
the nonrenewal of contract or by assignment of a smaller share— 
provided the reason for low output was the fault of insufficient labor 
effort and not of some factor beyond the control of the worker 
(weather, insect infestation inter alia). 

Although this possibility is theoretically appealing in a world free of 
transactions costs, several practical difficulties limit the degree to 
which landlords can monitor labor input by monitoring crop output. 
First, as already noted, landlords have the incentive to monitot the 
use of landlord-owned inputs whose value could he damaged by ex¬ 
cessive or careless use by the worker, such as work stock, fcrtili/.ei. 
and especially land. Second, the effects of and hence the importance 
of some inputs and labor operations (especially fertilizer, depth of 
plowing, proper terracing, pruning of trees, and fencing) are not 
limited to, and indeed may not even be felt on, current output. 
Rather, the benefits may be realized primanh on future output. 
Hence, current output will be a poor indicator ot curient inputs. 
Third, even if it should be cleat through output that a ceitain input 
was not supplied, chiefly that the worker did not work, it would he 
impossible for the landowner to know whether ibis was bei.uise the 
worker was ill and incapacitated In 
(e.g., an epidemic) or becatw 
important, because of the in 
duction, landowners will hwo 
for shortfalls in production 

For all these reasons, tlw 
monitor inputs directly. New 
labor input woedd he prohibit! 
also rely somewhat on momioimg ■ 

output. Certainly workers and landlords base some mutuald agi< cd- 
on rough set of expectations ol output given diligent labor input 
These expectations partly dcteimme the lixetl lent and the peiccnt- 
age the landlord receives under a share contract. II output is below 
the landlord's expectation, a workci s contract will most hkeh not be 
renewed—at least not under the* same terms. 


We ate grateful to ail anonymous lclercr tot tawing tin' >"ue 
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Along with supervision costs, enforcement costs vary across con¬ 
tractual form. Enforcement costs pertain to the costs of ensuring that 
workers honor the length of the contract. The greater the opportu¬ 
nity cost of breaking a contract, the less likely it will occur. Opportu¬ 
nity costs increase with the expectation of a larger payment at harvest¬ 
time, and decrease with the opportunity for off-farm earnings 
(Alston 1981). Assuming labor markets are competitive, labor’s ex¬ 
pected income will be greater under fixed-rent contracts than share- 
crop contracts, because a fixed-renter requires lower costs on the part 
of the landlord (less supervision) than a sharecropper and receives a 
risk premium for bearing more risk. Hence fixed-renters are more 
likely to stay through harvest than sharecroppers. Similarly, .share- 
crop contracts secure labor better than wage contracts do because the 
opportunity cost of leaving (expected payment at harvest) exceeds 
that of wage hands who are paid on a time basis, bear no risk, and 
require considerable supervision. 

Supervision costs take on many different forms, many of which are 
difficult to measure. The fact that our explanation hinges so heavily 
on considerations that are not easily quantified renders it vulnerable 
to the charge that it may be nonoperational, no matter how conve¬ 
nient it might be theoretically. Indeed, it is true that most sources of 
agricultural data have not even sought to measure the various kinds 
of transactions costs mentioned above. 

Nevertheless, there are a few exceptions. One such exception was 
the data collected from large plantations in the (leorgia “cotton belt” 
of the Ainetican South as part of a special survey undertaken by the 
U.S. Census Bureau in 191 1 (Brooks 1911). Although the sample was 
small, this data source is extremely useful for testing hypotheses con¬ 
cerning supervision costs (or tfte following reasons: 

a) Risk and enforcement costs were controlled for by the homoge¬ 
neous nature of the region surveyed. There is little reason to believe 
that risk and off-farm earnings opportunities varied over the area 
sampled. 

b) Information on the number of supervisors was collected and, 
moreover, this information distinguishes between the numbers ol 
owner-supervisors, who may be considered to be exogenous, and of 
nonowner or hired supervisors, who may be considered a decision 
variable of the landowner. 

c) Data were collected on variables that permit the testing of hy¬ 
potheses concerning the existence of economies of scope and scale on 
supervision and nonlinearities in the latter. 

d) All three forms of labor contracts—fixed-rent, sharecrop, and 
wage—were present, and the percentages of each varied considei ably 
from one plantation to another. 
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Essentially there are three ways for landlords to deal with labor 
supervision costs: (1) supervise labor directly, (2) hire labor super¬ 
visors, or (3) provide labor with an incentive to sell-supervise by alter¬ 
ing the contract mix. Consistent with the hypothesized simultaneity in 
decisions with respect to direct supervision and contractual choice, we 
test for the influence of several of the factors mentioned on such 
decisions by estimating the parameters in the following equations by 
two-stage least squares: 

PF = u„ + a ,4- + a 2 PCA 4 0 uPOWS, (1) 

A 

PS = P„ + P,^- + fcPCA 4 piPOVV.S, (2) 

-^- = 7o + 7 1 PF + y>PS + 7'vqp, (3) 

where PF — fixed-rent contracts ,rs a percentage ol all contracts, PS 
= sharecrop contracts as ,r percentage of all contracts,' S/A — num¬ 
ber of nonowner supervisors per 100 improved acres, PC.\ = cotton 
acreage as a percentage of all improved acreage. POWS = owner’s 
work stock as a percentage of till work stock, and OSIA = number of 
owner-supervisors per 100 improved acres. 

Beginning with equation (1) for PF. the greater the number ol 
hired supervisors, the lower would be the incentive to induce seil- 
supervision through fixed-rent commas; heme «| < 0. Since cotton is 
a relatively labor-intensive ciop (or at least was in the eailv twentieth 
century), the greater the peicentagc . 1 1 '< m 'oiron 

the higher would be the stipe 
benefits of inducing sell- m;. 
the aforementioned econon- 
the share of the owner’s vvm t 
incentive the owner has to it 
instead of inducing sell-su| 
hence a ( < 0. In equation i_ 
mediate between fixed-rent and u,. H , 

costs are concerned, the signs of pi. p_>, and Pt ate anihigiiou' o. 
equation (3), because of the supet vision-icduc ing etfec ts of share and 


7 Although it may lie mme tnmcut ion.il 10 ineusine (lie tonnat 111.1I mix in it 1 ms ot 
pel tentages of UikI aieu, in this <usc ,111 almost pritett |*>situe imrd.uimi bet w ten 
land and number of labor t mill at is allows us 10 ust |>i ni-magcs ot luboi conn ails to 
repn'sciil coni rat Inal mix Mmemer. suite ihe obsert.inons writ' laigr pUmuiions. 
most of which had all lluce kinds ot tmiliatis but in tuning puipouinns. I’h and / S 
are not zero-one dunum van.ibles (wlnili wonltl irt|uue a dilb lent esumaiimi pntte- 
dure), but lather continuous vaiiables 
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TABLE 1 



Means and 

Regression Resulis 





Equation 



Right-Hand- 

to 

(2) 

(3) 


Side Variabi ks 

PF 

PS 

SIA 

Means 

Intercept 

96 

-.07 

.29 



(7.08) 

(-24) 

(3.80) 


S/A 

- 76 

-.68 


.094 


(1-62) 

(.64) 



PGA 

.20 

82 


474 


(1.07) 

(1.98) 



rows 

-.72 

.32 


.864 


(4 99) 

(98) 



pi¬ 



- 25 

.168 




(2.10) 


ps 



- .24 

.529 




<2 32) 


OS/A 



- 41 

.059 




(2.06) 


IF 

.71 

.25 

38 


Stu nt — SjKHtal Ihv 

estimation of Georgia [il.iiil.iiions (oinliKtcd |»y the l ! S 

Census Bureau 

in mil. The 


pl.mi.uion schedules tan lx* found in ihc R.u«* Books and M.umsc npts Depjttnieni ol die I'linoisity of (reoigui 
I iljiriiy, Ailn-ns. Georgia 

N'oit Flames in p.iieiithescs ate r-st.it imils V = 22 

fixed-rent contracts relative to wage contracts, one would expect -y i, y^ 
< 0. Finally, because the presence of an owner-supervisor would re¬ 
duce the need for hired supervisors, one would also expect y ;1 < 0. 
While in fact PF and PS might be affected somewhat by OS/A, our 
inclusion of OS/A only in equation (3) where its ef fect would be ex¬ 
pected to be stronger greatly facilitates identification of the complete 
model. 

The 1911 data from the Georgia cotton belt are used to estimate the 
equations of the model via two-stage least squares. The results are 
given in table 1. As hypothesized, the values of oq and a s in the PF 
equation are negative and significant at the 5 percent level (in one- 
tailed tests), and the estimate of a 2 is positive but not significant. Also, 
the results of the PS equation show that (J<> > 0. 

The most important results are those of equation (3) for SIA. As 
hypothesized -y s , y?, and y$ are significantly negative. The negative y 2 
is particularly relevant inasmuch as it is indicative of nonlinearities in 
supervision costs per improved acreage of land with respect to area 
under sharecropping. The more land under fixed rent and share- 
cropping, the lower the need for nonowner supervisors per 100 im¬ 
proved acres. Likewise, the negative value of y$ indicates that the 
presence of an owner-supervisor (OS/A) significantly reduces the 
need for nonowner supervisois. 
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In general, therefore, the results are consistent with (1) the hy¬ 
pothesis that fixed-rent and sharecrop contracts reduce the need for 
direct supervision of labor, (2) the hypothesis that given the number 
of owner-supervisors per 100 improved acres the number of hired 
supervisors and contractual mix would be determined simulta¬ 
neously, and (3) our explanation for the existence of sharecropping 
in terms of the nonlinearity in supervision cost with respect to land 
under sharecropping. 

Conclusion 

In this paper, by introducing (he possibility of nonlinearilies in super¬ 
vision costs into a model of contractual choice, we show that system¬ 
atic variation in the incidence of shareciop conliacts can be explained 
as rational choice resulting from landowner-worker communication. 
Hypotheses concerning the effect of supervision costs on contractual 
mix and the number of supervisors are developed. Kmpirical tests are 
conducted, utilizing data from a sample of cotton plantations in C.eoi - 
gia in 1911. The results are consistent with economies ot scope and 
scale in supervision. Furthermore, the tests indicate the existence ot 
nonlinearities in supervision, thus perhaps resohing what has re¬ 
mained a paradox in the literature on contractual choice in agrarian 
societies, namely, the persistent use ol agricultural shate conliacts. 


Appendix 

The Model 

Let <V be the endowment of lal» 
be allocated between wage lain 
where n, and 7, are the labor 
under share contras t, respec tn 
to be divided between landlmo 
ment of both land and laboi 


\ 


/ I 

In this formulation subst 1 ipls lelet to die (.11111 type. win ie iqai m m« .... 
landlord's farm under wage lonti.u t ami > .1 sh.trec 1 upped l.ti in Supci sc 1 ipts 
$ and (l represent supply and demand, lespeitneh, and b.us mei the rail 
ables indicate exogenous variables. 

The produc tion (tine lions on landlord and len.uu lai ins are assumed 10 be 
identical and of the usual ncoilassu.il type, such that output per unit ol land 
on farm type k, can be expressed as 

y* "*/(«*). 1 '9 


where k = w, a. 
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Let II = the probability of detection of shirking on the part of ihe share¬ 
cropper, X = the extent of shirking per unit of contracted labor under wage 
contract, y = the penally of being detected, and c - the supervision cost per 
unit of land. Suppose also that (1)11 for each type of contract is positively 
related to both X (or, in the case of sharecrop contracts, inversely i elated to n,) 
and the r specific to that type of contract, (2) y is positively related to shirking 
per unit of land Xn w and negatively telated to r«„ and (3) t, is either positively 
or negatively (which is more likely to be the case) related to the amount ot 
land or 7 f. More specifically and consistent with the historical evidence on 
the nature of transactions costs on different types of farms (Alston and Higgs 
1982), we assume: 

n„, = n„,(X, <„.), (A4a) 

II, = ri, (ri„ c,), (A4b) 

where dn„,/dX, dll,,,/dr,,, > 0, dll,/dn, < 0, dll,/dr, > 0, d 2 Il„,/dX 2 , d a Il,/drg > 0, 
and d 2 n„,/dr?,., d^IVdr? < 0; 

y„. = y,„(Xw„), (A5a) 

7, = y,(»,). (A5b) 

where y'„ y", > 0 and y! < 0, y" > 0; 

c,„ = r„, («„,), (Alia) 

r, - r,(T,'), t = i, (l (Abb) 


where r,',., § 0, c,' 2 0, r" 5 0. 

Assuming for simplicity that both parties are risk ncuttal and utilizing the 
resource constraints (Al) and (A2), the objective functions ot the two agents 
can thus be represented as 

max El, = (N - T,V)[(I + X)W - 11„(X. r I1 .)y„.(X;i„,)J 

i 

+ /•;'{«/(«,) - n,(M ( , r ,(r?)h,(»,)}; lA " 

max El/, — ( T - - kn „) - Wt>„, - r„ t (»„,)) 

+ r,’[(I - «)/>.,) - r,(/',')], (A8) 

where El r and El, are the expected incomes of the repi esentative tenant and 
landlord, respectively; a is the tenant’s share of output under sharecropping; 
W is the exogenously given wage rate; and XW' is the income the worker- 
tenant receives while moonlighting elsewheie as a wage laborer. 

The first-ordei conditions for the tenant are as follows: 


SEl t 
dT‘! 


dEI r 

r)n , 


<5 El, 
dX 


-[(1 + X)W - ll„.y„,]n, + [a/(»,) - 11,7,1 


•rU ** / n. 

I > -• r -y, ~ (); 

dr. 


-((1 + X)W - 11,..y,,,]/ ;' 


+ V 


»/'(«,) - 11,7,' - 7, 


dll, 

dn, 


0; 


(N 


- Tin,)(w - II„.y>„, - 7. ) = 


0. 


(A 9a) 


(A9b) 


(A 9c) 
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Condition (A9a) implies that the net benefits (inclusive of benefits and costs 
of shirking) per unit of land must be equal for the two types of contiacts. 
Condition (A9b) implies that the marginal net letuins (again inclusive of the 
benefits and costs of shirking) to labor input under the two types of contracts 
must be equal. Finally, condition (A9c) implies that the marginal benefit from 
shirking as a wage laborer—that is, the wage rate earned moonlighting is 
equal to the marginal cost of su<h shirking. 

The firsl-oicler conditions of the landlord are 


at: i, 

dr: 


-[/(»„ - Xh„.) - H'»„ - c„] 

+ in - «)/(«,) - c i - /v: = o, 


(A 10a) 


= (T - Tl){J '[(1 - X),,„] - W - ('„} = 0. (A 10b) 

r)n„. 

Condition (A 10a) implies that the net earnings per unit of land—alter 
adjustment for the stale ellect in supemsion ol shateciop contratts—must 
be equal under the two types of contratts. Likewise, condition (A10b) implies 
that the net benefits over costs of an extra unit ol should be 4ero. Note that 
with appropriate and reasonable additional resu lt lions with respett to the 
signs and magnitudes ol <[. anti c'„, the sciond-onler conditions lor litilh 
patties can be fulfilled 

1 he system is dosed hv imposing the equilibrium condition 

r! - /: (aid 

Given our assumptions, (he swcm is now fulls detei mined I hits, lor gisen 
values of the tesource constraints anti parameters m the model, unique solu¬ 
tions for all eight endogenous sat tallies ( L'/, / \ a., ct, / ,, N , ic, and X) and 
also lor -y„, c„, t,, 11,. If,, /,. and /, tail be obi.lined. 

In ordei to be sure that the model's deleiinmate solution lionises t’o 
meffitiency, note that tonthtnms (A't.o .mil , V'ln uwedui implv 


<i[j (»,) - nj '(o. 1 1 


Sinte the term in braikets >>" 
product ol land under the sli.n 
cropping not to be ruletl out 
positive lor sharecioppmg to c\m v ■ ■ 
are negalive, both the hist anil thud u 11 ■, 

Note that r' > 0; that is, diseconomies of '< ale m 'iipt i v lsimi. appeal mg m 111 
second lei ill on die i ight-li.intl side, vvould lie sa(ln u nt Inn mu net f's.n v n 
etisuie that the maigmal prodm i ol shan’t topped land would lie positive 
Likewise, equations (A9b) and (AlOb) implv die billowing ulalioiishtp he 
tween and 

a f 'M - f'U = 0 ' W I - 

111,, (AC 

Clearly, », g ; moieovei, with iians.it dons tosts, equ.tluv between u, and 
is not a necess.il v ret|uiiement lor ellu tent v 
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Three special cases of the formulation above can now be easily investigated. 
In case A (without supervision on either type of contract), with II, = y, = II„, 
= 7,,. = c, = c w = 0, the model reduces to that of Bardban and Srinivasan 
(1971) and the right-hand side of equation (A 12) becomes zero, thereby 
implying that the marginal product of land under the share contract,/(n<) - 
must be zero. Likewise, from (A13), it would be seen that <*/'(«,) = 
f(n w ), implying that n, < n w and thus that inefficiency exists. These were 
indeed the shortcomings of the Bardhan and Srinivasan (1971) model noted 
by Newbery (1974), Bagchi (1975), and Retd (1976). No interior solution is 
possible in this case. In case B (with supervision only on wage labor), where n, 
= 7, = c, — 0, which may he regarded as a somewhat more competitive and 
simplified version of the Lucas (1979) model, condition (A 12) again reveals 
the marginal product of land under sharecropping to be zero, a solution 
inconsistent with the persistence and pervasiveness of sharecropping. In case 
C (with supervision only on sharecroppers), where Tl„, = *y„, - r„, = 0, condi¬ 
tion (A 12) remains unaffected and hence allows the marginal product of 
sharecropped land to be positive. But condition (A9c) can be satisfied only 
with T„, = N - T?n y = 0. Once again, no interior solution is possible in this 
case. 

With supervision costs on both wage labor and sharecroppets, therefore, 
both the Scylla of indeterminacy and the Charybdis ol inefficiency can be 
avoided. 
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Evidence from the Capital Market 
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This paper examines ihe effect of unioni/aiion on ihe- profitability of 
fnms Abnormal monthly common sioi k retm ns for a sample of 
NYSE-listed films are estimated lor the month in which the union 
petitions for ail election and for the month in which the National 
Labor Relations Boaid (citifies ihe election outcome. 1 he lesults 
suggest that unionization, on aveiage, is associated with a reduction 
m equity value When unions win an election, ihe average loss assoc i- 
.lled with the unionization drive is S.H percent ol equity value. When 
unions lose an election, thcie is an aveiage net ledmtion of I .if 
percent m the equity value of the firm 


I. Introduction 

Unionization can have a variety of effects on the performance of 
firms. Several of these effects, such as raising wages, introducing 
inefficient labor practices, and reducing managerial prerogatives, 
suggest that unionization taises labor costs and thereby reduces 
profits. For example, Lewis (1981) reviews tHe* literature on wages and 


We die indebted to Paul Asquith, Fischer Black, Peter Doric!, Memv Farbci. Rubeii 
Molthausen, Tom Korhan, Richard Ucltwuh, Susan Martin, Wayne Mikkelson. Walter 
Oi, Jeny Zimmer man, and participants at workshops at Mil. the Iniveisiiv ol 
Chicago, the University o( Rochester, the llarsatd Business School, and the University 
of Michigan 
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finds that unions raise wages by about 10 percent to 20 percent. 
Freeman and Medoff (1979), however, suggest that other effects of 
unionization can increase productivity and lower labor costs. Freeman 
(1980) finds that unionization reduces quit rates and labor turnover, 
which increases productivity and lowers the cost of training workers. 
Additionally, Thompson (1980) argues that unionization limits labor 
supply, which reduces output and raises product prices and profits. 

Prior empirical research has generally focused on a specific effect 
of unionization and therefore does not measure the net impact of 
unionization. Some recent research suggests that productivity in¬ 
creases compensate for the higher wages and lead to lower labor costs. 
Brown and Medoff (1978), using two-digit SIC industry data, relate 
value added per worker to capital-labor ratios and the proportion of 
workers unionized. I heir results suggest that unionization increases 
productivity by approximately 20 percent. When compared to die 
average increase in wages associated with unionization, these empu- 
ical estimates support the hypothesis that unions increase profit¬ 
ability. 1 While Brown and Medoff adjust for differences m laboi qual¬ 
ity and in capital-labor latios, their estimates are subject to possible 
errors because their dependent variable, value added pet worker, 
reflects both price and quantity. Therefore, as the authors note, their 
union effect could be clue to higher costs and hence higher product 
prices in unionized industries. Also, aggregation of essentially differ¬ 
ent production functions to a single manufacturing pioduction func¬ 
tion introduces statistical problems that make then lesulis difficult to 
interpret. 

Clark (1980) circumvents main of these issues bv examining per¬ 
formance in cement industiv plants ' 

Clark measures output in pin 
neous technology and avoid 
sectional investigation. His n 
productivity, and the net el to 1 
and on profits is negligible.' 

The results of Brown and \b 
that unionization does not mcic.i'. 


1 Tile Brown and Mcdotf insults Miggest an unicast- m oinpiM pci winker wiru 
capital-labor ratios bclrl constant. ot appioximalc 1\ - 11 pencil! I lit c luwl min ai w iges. 
other things constant, arc also appioxim.ucb 20 pciccni lughci l alnn tcpiestnis 
about 70 pet cent ol cost, so that uiiiomrai ton i ediu cs i ost pi i cum Blow n and Vtcdot i 
do not discuss this aspect ol then icsiilts 

* In an unpublished studs of the con-unction induMn. Mien tl'Wi) hints no ined¬ 
ible eftec l of unions on pi otitic (n ifv in sc tiool tonsil tui ton In ol lice i oiisinu non Allen 
finds productivity is 88 percent lughci lor union lalnu He tnelx .1 muglilv etpial elite! 
on wages, which implies lughci pmhis Out pul incaMticmcni pmhlcms ate mute se¬ 
vere here than in Clark ( 1080 ) 
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are intriguing since they suggest that unionization does not reduce 
and may increase profits; union-induced increases in productivity 
seem to offset higher union wages. However, casual evidence indi¬ 
cates that management typically resists unionization. Since man¬ 
agerial resistance to unionization is costly, the result that unions do 
not increase production costs implies that the resistance is inconsistent 
with stockholder wealth maximization. 

This paper directly examines the effect of unionization on profit¬ 
ability. Instead of extracting the effect of unionization through pro¬ 
ductivity and wage data, the unanticipated change in the equity values 
of firms involved in union elections is used as a measure of the effect 
of unionization on the capitalized value of the firms’ profits. 

This approach has several advantages. First, there is ample evi¬ 
dence that an unbiased assessment of the effects of public informa¬ 
tion releases about firm profitability is quickly incorporated into stock 
prices. s This eliminates the necessity of specifying production func¬ 
tions and the length of time required to adjust factor inputs. Higher 
wages, not compensated by increases in productivity, reduce the pres¬ 
ent value of profits and the equity value of the firm falls. If unioniza¬ 
tion increases productivity to offset higher wages, profits increase and 
equity values rise. Second, since profits include the effects of both 
higher wages and higher product prices, the net effect of unioniza¬ 
tion can be measured without ambiguity. If unions succeed in limiting 
entry to the industry, this is also reflected in the revaluation of the 
firm’s equity. The method allows aggregation across firms and indus¬ 
tries, which expands the sample size and permits analysis that is not 
industry specific. 

The approach has several disadvantages stemming from the 
efficiency of the stock market. First, to the extent that unionization is 
anticipated, the measured unanticipated change in equity values asso¬ 
ciated with a representation election will underestimate the actual 
impact of unionization. Second, the outcome of a representation elec¬ 
tion may provide information about the outcome of future represen¬ 
tation elections. Thus the loss or gain caused by a single election may 
reflect more than the impact of the union on the productivity and 
wages of the newly organized workers. Also, the estimation technique 
focuses on new representation elections and measures the marginal 
impact of unionization on profits. It is inappropriate, therefore, to 
interpret the results as measuring the aggregate impact of unioniza¬ 
tion on corporate profits. 

The empirical results indicate that on average unionization is asso¬ 
ciated with a reduction in profitability. Stockholders of firms that are 


:l See Kama (1976) for a survey of market efficiency tests. 
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unionized incur losses of about 4 percent of equity value. Jn firms 
whose workers petition for a union election but decide not to become 
unionized, equity values decline by about 1 percent. 


II. The Unionization Process 

There are three important steps in I he union organization process. 
The first official step in the process is the petition lor an election. To 
file a petition, the union must get at least 30 percent of the workers at 
the bargaining unit to sign cards authorizing the union to represent 
them. Once 30 percent of the workers have signed, the union peti¬ 
tions the National Labor Relations Board (NLRB) to hold an election. 
If more than 50 percent of the workers sign cards, the union can ask 
the firm directly for recognition. Typically, recognition is denied and 
the union petitions the NLRB for an election. 

The petition confirms that a union lepresentation election will oc¬ 
cur and thus raises the probability of unionization. In an efficient 
capital market, equity prices will be revised to reflect the probability of 
unionization and the expected effects of the unionization on the pres¬ 
ent value of future cash flows. It unionization decreases profits, peti¬ 
tions will be associated with a decline in the sunk price of the firm. 
Alternatively, if unionization increases profit.ihilitv, stock prices will 
rise in response to the petition. 

The second step in the process is the representation election itseli. 
In most cases, where union and management agree on what consii- 
luies the bargaining unit, the election is held short 1\ after petition. 
Roomkin and Block (1981) find that f'J percent of elec tions o< cut led 
within 1 month and 83 percent \wd>- • 1 

cation of the election results 1 
days after the election, unless 
from the union or from mana 
Roomkin and Block found pose 
the cases they analyzed. 

The certification of the t-h 
about the outcome of the m.. 
certified, the probability of unio. 
market reaction to the cenihe ,u,oi,. 
information about the effect of urn, i... 

unionization decreases profitability, ecu if u atton of the union's suc¬ 
cess should cause a reduction in stock prices ( omeixeh. it iimom/.t- 


Cerlihcation ot a union win does not irsolce .ell lice umco.ueels .issue c.Uol colli 
unionization. For example*, a c mill at I has lei lit* ne gi muted. anil u* ‘ oils ac r n! < mu so. 
uncertain at the lime <>i ceitilicalion 
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tion increases profitability, the union’s success should be associated 
with an increase in stock prices. 

If the NLRB certifies that the union has lost the election, the pre¬ 
dicted stock price reaction under each hypothesis is reversed. How¬ 
ever, there are two reasons why the stock price changes associated 
with union losses and union wins do not have to be symmetric. First, 
unions lose most representation elections, and therefore the elections 
that unions win are likely to involve a larger revision in the markets' 
ex ante probability of unionization. In other words, a union win is 
likely to contain more new information than a union loss, so that the 
magnitude of the abnormal return for union losses will be greater 
than the stock price revisions associated with union wins. 5 Second, the 
loss of an election does not prohibit the union front petitioning for 
another election in the future, and thus the probability of eventual 
union representation does not become zero. 

In summary, the hypothesis that unions decrease profitability im¬ 
plies that the petition for a union election is associated with a decrease 
in stock prices. The hypothesis also predicts that certification of a 
union success is associated with a further decline in stock prices, 
whereas certification of a union loss results in an increase in stock 
prices. The predicted combined effect of petition and certification 
should be negative for union success. The hypothesis that unions 
increase profits predicts exactly the opposite effect. 

For both hypotheses, the predicted combined abnormal return on 
the petition and certification months for an unsuccessful union elec¬ 
tion depends on the cost of opposing the union and the change in the 
probability of eventual unionization. The cost of opposition includes 
direc t costs such as legal fees and indirect costs such as higher wages 
or other concessions granted to workers to make unionization less 
attractive. The probability of eventual unionization could either in¬ 
crease or decrease as a result of a successful petition and an unsuc¬ 
cessful election. The successful petition indicates some suppoit for 


' Suppose, e g , that the market assigned the same piuhahihtv <>l a union win to cat It 
election at the time of petition. II the market is efficient, the average ahnotmal 1 etui 11 
acmss union wins and losses at die certification date should he icio. Defining/, as the 
proportion ol union wins, /?, as the abnormal t durn associated with a union wm. and 
Hi as the abnormal return associated with a union loss at certification, 0 - /,/?, + (1 - 
f K )Hi and thus 

K, _ -(l - /,) 

"*/ U 

Unions win 21 percent of the elections in our sample, I his implies that the abnoimal 
return to union wins at the certification date should be ‘1 75 times gi cater than the 
abnormal return for union losses in absolute value The details of this example aie not. 
however, consistent with our data since the market appeals partially to anticipate the 
outcome of union elections. 
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unionization whereas the unsuccessful election indicates that a major¬ 
ity of workers opposed unionization. Given the cost of opposition and 
the ambiguous combined effect of petition and certification on the 
probability of eventual unionization, the predicted combined abnor¬ 
mal returns under both hypotheses ate ambiguous for unsuccessful 
unionization attempts. 

III. Data 

The sample of union elections used in this study is from the files of 
the NLRB. The sample is limited to unions that have successfully 
petitioned for a representation election covering at least 750 employ¬ 
ees between February 19(52 and September 1980. Also, to use the 
monthly stock return data provided by the Center lor Research in 
Security Brices (GRSP) of the University of Chicago, firms not listed 
on the New York Stock Kxchange (NYSE) are excluded 0 These sam¬ 
ple selection criteria identify large reptesentation elections in large 
firms. 7 Since our sample excludes other organization ch i\es as well as 
firms that unions chose not to attempt to organize, our empirical 
results cannot be applied to any randomly selected hrm. 

Information about the elections is published in the \I.RB Monthly 
Election Kepmt. I he report provides data on the number ot workers 
involved in the election, the outcome of the election, and the 
certification date. 1 he petition date for each election was obtained 
through a Freedom of Information Request to each disiiict office of 
the NLRB. The sample is restricted to elec lions for which petition and 
certification dates are available. 

A given firm can have several sep o .. •« "’’no In 

some cases, these separate alter 
organization attempt can <k < r 
date for another organi/ation 
with overlapping events, it tin 
organization drive, (he enin 
tempts is treated as a single 
tion becomes the petition clan 
certification date. In cases whole c!c, 
vations are dropped. 

In the period 19(52-80 tlieie weie 325 elections involving mine 
than 750 workers for NYSF-hsted firms in the 1 peiiod. Lack ol stock 


fi We were able 1<> icleiintv the month ot pennon and cemtu.ciion tor the mine 
sample. I lie aclii.il ci.cs ot the event was avail.rich oitlv tor .1 vttv hunted sample 
7 the National l.ahor Relations Boanl (IdMI) reporis dial dun- are alsriri S.000 
reprrsenl .11 icnr elections a vear I he vasi m.i|oi itv ot these riot nuns involve l< "''i di.in 
100 workers. 
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TABLE 1 

Time Profile of Petitions ior Union Elections 


Year of 
Petition 

Total 

Unsuccessful 

Union 

Successful 

Union 

Union Success 
Ratio (%)* 

1961 

2 

i 

1 

50.0 

1962 

7 

6 

1 

14.3 

19611 

14 

11 

3 

21.4 

1964 

14 

9 

5 

35.7 

1965 

15 

11 

4 

26.7 

1966 

12 

10 

2 

16 7 

1967 

18 

11 

7 

38 9 

1968 

20 

16 

4 

20 0 

1969 

14 

12 

2 

14.3 

1970 

14 

9 

5 

35.7 

1971 

15 

13 

2 

13.3 

1972 

1 1 

9 

2 

18.2 

1973 

27 

22 

5 

18.5 

1974 

22 

18 

4 

18.2 

1975 

9 

9 

0 

0 

1976 

.5 

5 

0 

0 

1977 

5 

3 

2 

40 0 

1978 

12 

10 

2 

16 7 

1979 

12 

10 

2 

167 

1980 

5 

4 

1 

20 0 

* Hit* union 

Miu CSV Idljo is On* 

nil in)*'} oj chi Hons in whi< h the 

union is siitt<*ssJlit ilivifU-il b> the inl.i) nmnbci ol 


eltt lions in ilu* year 


market data eliminated 38 observations, l he combining of overlap¬ 
ping elections eliminated an additional 34 elections. Thus, the sample 
consists of 253 elections. Unions lost 199 and won 54 of these elec¬ 
tions. Petitions by 40 different unions are contained in the sample. The 
United Auto Workers appears most frequently in the sample with 
29 unsuccessful and eight successful unionization drives. Table I pre¬ 
sents a time profile of the data. No trend either in the total number of 
elections or in the union success ratio is apparent in the sample.* 

IV. Methodology 

The event-study methodology pioneered by Faina et al. (1969) is used 
to measure the effect of petitions and certification of election results 
on the stock prices of firms.' 1 Since most stocks tend to move up or 

K Foi comparison, the success ratio tor unions in all representation elections h.ts 
declined from an aveiage of about 5*J percent hi the rally 1960s to an aveiage of about 
4b percent in the latter pail of the 1970s (National Labor Relations Board I960, 1980). 

‘‘ This methodology has been used to examine the equity value changes associated 
with a variety of events including stock splits, dividends, changes in corporate chat tels, 
mergers, and tender offers. Neumann (1980) uses this technique to examine the unpat t 
of labor strikes on equity values Schwert (1981) reviews applications of this technique. 
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down with the market, the realized stock returns are adjusted for 
marketwide movements to isolate the component of the returns due 
to union activity. This adjustment is accomplished using linear regres¬ 
sion to estimate the following market model: 10 


«, = «, + P,/?,,,, + e,. (1) 

The parameter P ; measures the sensitivity of thejth firm’s return (/?,,) 
to movements in the market index (/{,,„) and is equal to the beta of the 
Sharpe-Lintner capital asset pricing model (CAPM). The lerm 
in equation (1) is the portion of the return to seem ityy in month I that 
is due to marketwide factors. I he parameter a measures dial pan of 
the average return of the stock that is not due to market movements. 
Last, e, measures that part of the return to the firm that is not due to 
movements in the market or die firm’s average return. 

Two sets of coefficients are estimated for eat h firm to incorporate 
potential risk shifts associated with unionization activity Coefficients 
before the petition, a" and P*, are estimated using 60 months of data 
beginning 7 years before the petition. Similaily, coefficients after the 
election are estimated over the period from 2f> months after the 
certification through 84 months after the election. In those tases in 
which 24 months of data arc not available to estimate either the be¬ 
fore or after coefficients, combined data from before the petition and 
after certification are used to estimate the coeffit tent In all t ases, data 
for the 24 months preceding the petition through 24 months follow 
ing the certification are excluded ft out the estimation petiod All of 
the results presented below were leplicaled using coefficients cal¬ 
culated from data combining (if) months helote the petition and till 
months after the election. The conclusions of this simh an not a! 
fected by using the pooled roc!' 

Prediction errors are calc it' 
months before petition thro' 
the following equation: 




j«, - <«? • 

1 R, ~ (<V . 


The term in parentheses in equation ,2 , 

for security j in month t, gh cn ns estimated market model pai umetei s 
& and Py and the market return in month I I he prediction etiot fin 
firm j in month t is its actual return {R,,) less ns preclic ted return (« 
M-ic) in month t and thus proxies tor fit til-spec tltc abnot mal retui ns. 
In some cases, calculating prediction ciiors foi the 21 months be- 


10 Kama (1976) dc-si ntx'S die maikrl iimclel hi cIcM.iiI 
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fore petition and after certification causes an overlap with another 
unionization attempt for the same firm. To avoid double counting, 
the month in which the first prediction error is calculated is the 
minimum of 24 months prior to petition or the month after the pre¬ 
ceding certification. Similarly, die month of the last prediction error is 
the minimum of 24 months after the certification date or 24 months 
before the next petition for the firm. If any of the 24 months before 
the next petition overlaps the certification date, the last date for the 
calculation of prediction errors is the certification month. This proce¬ 
dure ensures that the prediction error for a given firm in a given 
month is used at most once in the analysis. 

The prediction errors are averaged across observations for months 
relative to the petition and certification dales: 

APE, = j ^ PE n t = PD - 12. (3) 

PL) - I, PI), CD, Cl) + 1. CD F 12. 

wherey T is the number of prediction errors in each event month r, PI) 
is the month of petition, and CD is the month of (citifieation. The 
time between petition and certification varies across observations. The 
APE for this interval is calculated as 


h c/>- 1 

APE, = y- V V PE,,. (1) 

// 1 - 1/ -rn + 1 


The avetage prediction errors repiescnl the average deviation of the 
monthly returns from their mutual relation with the market and 
proxy tor abnormal returns. The average prediction errors arc- 
summed over event time to form a cumulative average prediction 
error (CAPE), which measures the abnormal performance over an 
interval of event-related time. 

To lest the statistical significance of the abnormal returns, we com¬ 
pute the following (-statistic: 


x f£ «,/,/£ « 


vai (PE.,) 


I = 


v 7 


(. r » 


where t and t l > are the first and last months of the cumulation petiod. 
J is the number of observations, and var {PE,,) is the variance of tin- 
prediction error for linn / in month /. The variance of the prediction 
errors is calc ulated as: 


var (PE„) = S'f 


1 + N + 


(Rm, - E.,-r 

(N - l)var(W,„) 


(ti) 
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where Sf is the residual variance from the market model regression 
and N is the number of observations used to estimate (he market 
model. 11 I he /-statistic adjusts for heteroscedasticity in the prediction 
errors by standardizing the cumulative prediction errors for each 
firm by their standard deviation. I bis standardization gives less 
weight to the prediction errors of more volatile firms because the 
prediction error for such firms conveys less information than does the 
prediction error of less volatile firms, ft is possible for the abnormal 
returns (as measured by the cumulative average prediction errors) 
and the /-statistics to be of opposite sign since die standardizing pro¬ 
cess results in the assignment of nonunifot m weights to the indivicfual 
cumulative prediction errors. This is most likely to occur when the 
average cumulative prediction errors are close to zero. 12 


V. Results 

A. Petition Dale 

Table 2 summatiz.es the cumulative abnoim.il returns for selected 
holding periods for the entire sample and the two subsamples. Also 
shown in table 2, in parentheses, is the /-statistic for the cumulative 
abnormal return and, in brackets, the- percentage of the obsenutions 
that have positive cumulative abnormal returns over the holding pe¬ 
riod. 

According to the hypothesis that unionization im t eases pmhts. the 
abnormal return on the petition date should be positive. 1 he hy¬ 
pothesis that unionization dec teases piufiis implies a negative abnoi- 
mal return. Across all observations. the ahum mat letuiii m die peti¬ 
tion month, PD, is - 1.3ft peu< > 
statistically significant at tin 
significant negative abnormal 
with the hypothesis that unto’ 

The abnormal return in tli¬ 
the subset of unsuccessful m 
successful union elections vein, 
and -2.93, respectively I he c stun.n. 

unions is twice as large as lot unsiuiesslui muons, --.-c ,n> , 

of equal impact cannot be rejected at the 93 pet vent confidence level 


11 The vat lance o! IS the usual vaiiume ol the pie-diction euoi fi is assumed 

that prediction eiiois acioss Inins aie independent We calculate die \.mailer id the 
cumulative prediction eirois ovet evc-ul lime as the sum ut die mdicic.ual vuiiunces 
This is only an approximation since il Ignoies die onuiiumes helwcen pieduuea 
errors. 

12 We calc ulaled /-statistic s vcilhonl die he lc lose e-elastic n\ cone c lion, and li-e cpiaIlla¬ 
tive results are not aliened 
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TABLE 2 

Pencesiage Cumvlaiive Monihly Average Prediction Errors for Sfi.fa.ih) 
Hoi ding Period (/-Statistics in Parentheses and Percentage Positive in BrarJtets) 


Holding 

Period 

All 

Observations 

Unsuccessful 

Unions 

Success! ui 
Unions 

PI) and CD* 

- 1.86 

- 1.32 

-3.84 


(-2.58) 

(-1.64) 

(-2.45) 


[43] 

(45] 

(35] 

PD - 12 to PD - 1 

- 1.01 

.70 

-7.17 


(-.43) 

(.63) 

(-2.12) 


(47| 

[491 

(391 

PD 

- 1.38 
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because of the relatively high standard errors. 1 ’’ While not statistically 
significant, the difference in magnitude of the loss for successful and 
unsuccessful unionization attempts suggests that the market antici¬ 
pates the outcome of the election. This anticipation is consistent with 

11 A (statistic for (lie difference between ihe petition month abnoimal returns (or 
successful and unsuccessful union elections is calculated by estimating the regression 
equation: 

PF.^PD) - -1.17 + -1.290,. R 2 = 0 02, 

(0.42) (0 90) 

where PE t (PD) is the percentage prediction ciror lor observation ; in the petition 
month, and D,, - 1 for union wins and zero otherwise The standard errors of the 
estimated coefficients arc in parentheses. The (-statistic on ihe binary variable, - 1.44, 
indicates that the ditfcienccs between abnormal returns for the samples of union wins 
and losses are not statistically significant at die 95 percent level of confidence. Tlte 
iegression is estimated using weighted least squares where the weights equal the inverse 
of the standard deviation of the prediction errors, which is calculated using eq. (fi). 
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the findings of Gecman G„l,ll KtR , a „, „„ man mf 

cemage ol workers s.gmng amh„rira,,„„ cards (whirl, is availabli", 
the petition date) is a good predictor ol the election outcome. Since u 
appears there is anticipation at the petition date, it is possible that 
differences in abnormal returns prior to the petition for the success¬ 
ful and unsuccessful union subsamples also reflect anticipations about 
unionization. The stockholders of firms in which the unions are suc¬ 
cessful incur losses of 7.17 percent with a /-statistic of -2.12 over the 


year prior to petition. In contrast, over the same period the abnormal 
returns for the unsuccessful union subsample is 0.70 percent wilh a t- 
statistic of 0.63. 


The prior losses for hints in which the unions are successful and 
the lack of significant abnormal returns for fit ms in which unions are 
unsuccessful suggest that the outcome of the unionization attempt is 
anticipated prior to the petition date. However, the pattern of returns 
sheds doubt on this interpretation. Table 3 presents the abnormal 
returns in each month fiom PD - 12 to CD + 12 for the entire 
sample and the successful and unsuccessful subsample, file cot re¬ 
sponding cumulative abnormal mums are plotted in figure 1. Table 
3 and figure l/t indicate that the prepetition losses loi the firms iti 
which unions are successful are conccntiutcd in the period PD - 12 
through PD - 7. The abnormal return for these firms in the 6 
months immediately preceding the petition is 0 16 percent. I Ins tim¬ 
ing suggests that the prepetition abnormal returns are not due to 
unionization. Instead, the results suggest that linns in which unions 
are successful experienced declines m value pnoi to the union activ¬ 
ity. 


B. Certification Date 

The hypothesis that union- 
certification of successful une 
abnormal returns, vvheie.is p, 
with the certification of unsu. 
pothesis that unions iiicieusc pmo. 

the abnormal returns in the ceiulicum-i. 

ence between petition date abnormal mums lot successful and un¬ 
successful unionization attempts suggests that the market anticipates 
the election outcome. 11 the outcome is lai gelv anticipated, t lie ahnoi - 
mal returns, which are unanticipated c hanges in stock puces, will be 
relatively small and insigmlicant. 

Union losses are associated with a small and insignificant negative 
return of -0.22 percent in the ceuilitaiion month While the i ctu-.n 
for firms in which the union is successful is relatively large in the 
certification month, - 1.13 peicent. the standard error ts high and 



Monthly Average Prediction Errors {APE) and Positive 1 xdi\ ideal Prediction Errohs (QPOS) for Entire Sample and Si bsamples of 
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the loss is not statistically significant (f-statistic of -0.95). These 
insignificant abnormal returns are consistent will) the earlier results 
indicating that the outcome of the election is largely anticipated at the 
petition daie. H 

The abnormal returns in the ceitification month support the 
efficient market hypothesis. This hypothesis maintains that, at the 
time of the petition, stock prices incor porate the probabilities of suc¬ 
cessful and unsuccessful union elections and their concomitant losses. 
This implies that a trading rule based on information available at the 
time of the petition, such as purchasing the equities of firms in which 
unions petition for an election, will not, on average, generate abnor¬ 
mal returns. The results presented in table 2 are consistent with the 
efficient markets hypothesis, since the average abnormal return for 
the entire sample at certification is only 0.48 percent. The lack of 
substantial abnormal returns at certification suggests that the market 
formed unbiased estimates of the probability of union success and the 
effects of unionization on future net cash flows at the time of petition. 


C. The Interim Period and Cumulative /am 

The abnormal returns over the penod PI) ihiough CD ate -1.30 
percent for the whole sample, -0.70 pet cent lot linns involved in 
unsuccessful unionization attempts, and -3 30 portent lor union 
successes. While consistent with the hypothesis that unionization do 
creases profits, these results are not stalisticallv significant I he lack of 
significance seems to be related to the penod between petition and 
certification. As shown in table 2. (ho abnonnal ) etui ns in this pet tod 

are approximately 0.3 percent lor hot! .. n 

The abnormal returns durine 
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subsets. 

The performance in the p< 
based on it small sample ol In 
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Fi<». 1.—Plot ol cumulative average pi edit lion eriois oxer 12 months helot e the 
petition month (PD) thiough 12 months aflet the ccitihcaliou month {CD). <i, Whole- 
sample b , 199 unsuccessful union elections, r, 54 successful muon elections. 
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(c) 



Iif. I —( imtnmnl 


period. In some c ases the intermediate pet iod includes petitions, elec¬ 
tions, and certification months for other ongoing unionization at¬ 
tempts. Because of the overlapping organizational di ices, we incus on 
the first petition and the last ceitification. Appaienth. including the 
period between petition and certification me teases tlie vatiance sub¬ 
stantially but provides little information. 

The difficulties associated with the period between petition and 

certification suggest that a bette r me ' •' .• -Hi •' ->f up. on 

activity is the combined elfei 1 
dates. For the entire samph 
activity is a loss to the sli p 
percent with a /-statistic of 
the combined el tec t of pcnti. 
a (-statistic of - 1.64. The n 
— 3.84 percent with a /-statiM.. 

The significant negative combn.. 
tion and certification dates for the eume sample amt mi tm 
pie of successful unionization attempts aie consistent v\itli the hv- 
pothesis that unionization reduces profitahilui fm tliei mote, the 
losses for firms in which unions ate successful aie about tluee nines 
larger than the losses with unsuccessful unions. While the st.mcl.ml 
errors of the estimated abnormal returns aie too huge to rc|ect the 
hypothesis of equal impact, the relative magnitude of the afinoiPial 
returns for successful and unsuccessful unions corroboiates the 
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significant losses for the entire sample on the petition date and the 
significant losses for successful unions. 15 The evidence therefore is 
entirely consistent with the hypothesis that unionization is associated 
with lower profits. The following section explores the differential 
impacts of the successful and unsuccessful unionization attempts in 
more detail. 

An alternative way to present the results is in terms of the average 
dollar loss per worker involved. The dollar loss per worker for each 
firm is calculated by multiplying the abnormal returns associated with 
union activity (the sum of the PD and CD prediction errors) times the 
equity value in the month prior to petition and dividing by the num¬ 
ber of workers in the bargaining unit. These losses are converted to 
1980 dollars (using the CPI) and averaged across observations. The 
average loss per worker standardizes our results for the size of the 
firm and number of workers in the bargaining unit. The average loss 
per worker therefore measures the present value of a unionized 
worker’s effect on profits. The average loss per worker is -$15,820 
for the entire sample. For unsuccessful unions the average loss per 
worker is -$7,410, and the average loss per worker is -$40,8)0 lor 
successful unionization attempts. The difference between the average 
loss per worker in the successful and unsuccessful union subsamples 
is consistent with the hypothesis that unionization decreases profit¬ 
ability. 10 

Simple calculations suggest that the estimates of loss per worker for 
successful union elections are at least plausible. In 1980, for example, 
the average difference between union and nonunion manufacturing 
wages was $2,184 per year. If this represents a perpetual payment per 


’’ A /-statistic tor the ditfcicme between the combined petition and cethhcaimn 
month ahnoi trial icturns for tlie sample ot successful anti unsuccessful union elec lions 
is calculated by estimating the following regression equation 

PE,(PD + CD) - -0 91 - 1 91 D r R 2 = 0 02, 

(OHS) (140) 

where PE f (PD 4- CD) is the sum of the percentage pt edict ion eriots loi him /, and D, 
— 1 for union wins and zero otherwise I he standard eirors of the estimated 
coefficients are in parentheses I he /-statistic on the binary \aiiahle, - 1..%, indicates 
that the difference between the abnormal returns for the sample of muon wins and 
losses is not statistically significant. I he iegression is estimated using weighted least 
squaics wheie the weights equal the inverse of the standard devlaticm of the predk (ion 
eirors, which is calculated using eq. (6). 

,n The /-statistics for the loss per worker are the same as the /-statistics ptesented foi 
the abnormal returns in the petition and ccilihc ation months (first line of table S) The 
loss per worker for a given firm is the abnormal return on the petition and ceitific ation 
months times the equity value per wotker. 1 he standard deviation of ihe loss per 
woiker is the standaid deviation of the abnormal ietui ns nines equity value pet 
worker. Since equity value per worker appears in both the mimeiatoi and denomi¬ 
nator, it cancels in the standardization process. 
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worker, at a 5 percent real discount rate, the present value of incre¬ 
mental wages is $43,680. This calculation is, of course, only approxi¬ 
mate because the appropriate wage differential should be adjusted to 
reflect the quality of workers. Also, the appropriate interest rate to 
use in discounting the wage differential is difficult to determine. Plau¬ 
sible discount rates range from 2 percent to 10 percent, which yields a 
range of loss per worker of about $22,000 to $109,000. It is possible 
that the measured loss per worker associated with a successful union 
election is due in part to increased expectations of future unionization 
attempts in unorganized bargaining units within the firm. The correct 
measure of loss per worker would then he lower than measured here. 
However, there is a possible bias in the opposite direction since the 
measured loss per worker assumes that unionization was not antici¬ 
pated prior to the petition month. 

The pattern of abnormal returns is consistent with the view that 
unions cause losses. There are, however, other explanations consis¬ 
tent with the results. For example, one interpretation is that stock 
prices fall when the union petitions for an election because it signals 
that the firm has poor labor relations and poor labor relations lead to 
decreased profitability. Similarly, the revision in equity values when 
the election results are certified is due to additional information about 
the firm’s labor relations. An unsuccessful unionization attempt im¬ 
plies that the firm’s labor relations are better than anticipated or that 
the problems have been resolved. A successful union election indi¬ 
cates that the firm’s labor relations are worse than previously antici¬ 
pated. 

While this hypothesis is plausible and consistent with the tesults. u 
is an unlikely explanation toi the m" 
turns. If labor relations aie |>< 
ways. For example, high ran 
tivity, and lower earnings u< 
union election would reveal i 
the labor relations and its in.. 


D. Specific Industry and ('turn /■//. < 

The abnormal returns presented m table 3 indicate that unionization 
is associated with a significant decline in equitv values. I heie is. how¬ 
ever, wide dispersion in the abnoimal returns across observations. 
Figure 2 contains a histogram of the combined abnoimal returns on 
the petition and certification dates for the entire sample and for the 
subsamples of union wins and losses. While the chs.r.bni.ons appeal 
to be symmetric , the range of the abnormal returns is substantial. I he 
sum of the prediction errors on the petition and cet t.f.cat.on dates fm 
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Fig. 2 —Histogiam of combined abnormal returns on petition and certification date 
for the whole sample and subsample ol union wins and union losses. Within each cell 
die first bar (blank) iclales to the whole sample, the second bat (sloping lines) relates to 
union wins, and the third bat (honzotitul lines) iclales to union losses. 


union wins ranges from —36 percent to 17 percent and the abnormal 
returns tor union losses range f rom -39 percent to 42 percent. One 
plausible explanation for this wide dispersion of the abnormal returns 
is that the effects of unionization differ systematically across unions 
and industries. 

To test for particular union and industry effects, abnormal returns 
are regressed on a series of binary variables representing different 
unions and different industries. 17 Table 4 shows the results with sepa¬ 
rate binary variables included for wins and losses for the five unions 
most frequently appearing in the sample: the United Auto Workers, 
the Teamsters, the United Steelworkers, the International Union of 
Electrical, Radio, and Machine Workers, and the International Asso¬ 
ciation of Machinists and Aerospace Workers. These unions repre¬ 
sent over 25 percent of all organized workers in the United Slates 
(Gifford 1982). In addition, a separate binary variable with a value of 
one for each union win is included. Since the data seem to indicate 
that the outcome of the election is partially anticipated at the petition 
date, two regressions are estimated. The dependent variable in the 
first regression is the percentage prediction error on the petition date. 
The dependent variable in the second regression is the sum of per¬ 
centage prediction errors on the petition and certification dates. To 

17 Separate binary variables are included fur each union and industry that have at 
least 20 observations in the sample. 
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correct for heteroscedasticity, the regressions are estimated using 
weighted least squares where the weights are the inverse of the stan¬ 
dard deviation of the abnormal returns for each individual firm. 

The estimated intercepts in table 4 measure the average abnormal 
return associated with unsuccessful unionization attempts by unions 
other than the five most frequently appearing in the sample. The 
estimated intercept is — 1.2 percent with a (-statistic of - 2.09 for the 
petition month abnormal return regression and - 1.1 percent with a 
(-statistic of — 1.22 for the combined petition and certification month 
abnormal return regression. The union win coefficient measures the 
difference between successful and unsuccessful election for unions 
other than those examined individually. This coefficient is negative 
and insignificant in both regressions. 

The coefficients for the five unions appearing most frequently in 
the sample vary widely, suggesting the presence of specific union 
effects. The large standard errors of these coefficients, however, pre¬ 
vent strong inferences. For example, the coefficient for an Interna¬ 
tional Union of Electrical, Radio, and Machine Workers win is -9.0 
percent in the combined petition and certification month abnormal 
return regression. I bis coefficient indicates that firms in which this 
union is successful incur a 9.0 percent decline in equity values beyond 
the —1.9 percent abnormal return for union wins (the sum of the 
intercept and the union win coefficient) in firms organized by unions 
other than the five unions examined individually. While this incre¬ 
mental effect is large, the coefficient is not statistically different from 
zero at standard confidence levels ((-statistic = - 1.47 percent). 

Fable 5 presents regression results for the two-digit SIC industries 
that most frequently appear in the sample: chemicals, machinery, 
electrical, and transport equipment. The results for industry regres¬ 
sions in table 5 are similar to the union regressions in table 4. In table 
5, the intercept is significant for the petition month abnormal returns 
and insignificant for the combined petition and certification month 
abnormal returns. The union win coefficient is insignificant in both 
regressions. There is wide variation in the specific industry coeffi¬ 
cients, and the only statistically significant coefficient is tor a union 
win in the transportation industry. However, there are only two ob¬ 
servations in this category, so the measured effect is suspect. 

File results presented in tables 4 and 5 suggest that union and 
industry classifications are not sufficient to characterize the cross- 
sectional distribution of abnormal returns. While the coefficient esti¬ 
mates are suggestive, the corresponding standard errors are too large 
to make any inferences. Future research that focuses on the relation 
between abnormal returns and characteristics of unions and indus¬ 
tries may provide an explanation for the differing effects of unioniza¬ 
tion. 
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VI. Summary and Conclusions 

Ihis study examines die elle<i <>1 unionization on piohl.ibiiit' in¬ 
stead of measuring this eileii iluoogli "age and pioehution Iuiil- 
lions, the unanticipated changes in ee|uin 'allies aie used as a nua- 
sure of the effect of nnioni/alion on pinhiability I lie latmnale toi 
using stock market data is tlueelold first, since stock price changes 
measure the effect of new inhu mation on die present \ahie ot tmure 
cash Hows, the impact ol unioni/ation can be measured "iilmm 
specifying production hint lions or die length ol lime lequired to 
adjust factor inputs. Second, die miuniieipaied change m ecpniv 
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values provides a complete measure of the ef fect of unionization in¬ 
cluding the impacts of changes in wages, productivity, and product 
prices. Third, the effects can be aggregated across firms and indus¬ 
tries. 

We examine the unanticipated changes in stock prices associated 
witfi 253 representation elections over the period 1961-80. Our em¬ 
pirical results show that stock prices fall when unions petition for 
representation elections. The average abnormal return is — 1.38 per¬ 
cent, which is statistically significant with a /-statistic of —3.68. Since 
petitions raise the probability of eventual unionization, the significant 
negative abnormal returns at the time of petition indicate that unions 
are associated with reduced profitability. In the 54 instances in which 
the unions are successful, the combined abnormal return on the peti¬ 
tion and certification months is -3.84 percent on average. In the 199 
elections in which the unions are unsuccessful, stock prices decline by 
1.32 percent. These value changes correspond to losses of $46,800 
per worker for successful organization attempts and $7,400 per 
worker for unsuccessful organization attempts. While the difference 
between the abnormal returns for successf ul and unsuccessful unions 
is not statistically significant, the percentage losses for successful 
unions are three times larger than the losses for unsuccessful unions. 
I bis pattern is consistent with the hypothesis that unionization is 
associated with lower profits and reinforces the petition month re¬ 
sults. 
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A Note on Extraction with Nonconvex Costs 

Sheldon Kimmel 

US. Department of justice 


I. Introduction 

In a recent article, F.swaran, Lewis, and Heaps (1983) (ELI I) model a 
market for an exhaustible resource in which each firm owns It units of 
the resource and can extract at a rate of q units for a tost of C(q). (7(0) 
= 0 and average extraction costs, C(q)/q, are assumed to exhibit econ¬ 
omies of scale initially and reach a minimum at q = q. Marginal tost is 
always positive, but it decreases until q — q anti then increases (i.e., 
total cost is not convex). The resource cannot be stored once it has 
been extracted. Demand does not change over time; if extraction 
proceeds at a rate Q at time /, then pi ice is / J (Q) at time I. All firms are 
assumed to know the entire time path ol prices at which the resouice 
will be sold (time is taken to be continuous). Firms are assumed to be 
price takers in the sense that no firm tan influence the time path of 
prices. ELH conclude that this model has no equilibrium. However, 
the model contains some assumptions that are not reasonable. This 
note relaxes those unreasonable assumptions, adds a simplifying as¬ 
sumption, and produces an equilibrium. 

The conclusion that there is no equilibrium follows from two of 
ELM’s most basic conclusions: no firm will ever extract at a rate be- 
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tween zero and q, and all firms act aiike. Given these two basic conclu¬ 
sions, the lack of an equilibrium is easy to see. Since the extraction 
rate cannot be q or more for longer than Rlq periods, there is a finite 
time t* where no firms extract and each firm extracts at least </just 
before t*. This cannot be an equilibrium, since any firm would receive 
a higher value if it slightly delayed its last extraction. FLH claim that 
relaxing the price-taking assumption may not produce an equilib¬ 
rium, but they do not support that claim.* 

The problem with FLH’s mode! is that it contains some standard 
assumptions that aie reasonable when costs are convex hut are not 
reasonable in a model with the tost function they assume. For ex¬ 
ample, F.LH’s firms are price takers. However, the number of linns is 
finite and the output ol each firm is assumed to he continuous and 
nonnegligible while it is producing. Therefote, it even a single firm 
exits “industry output, and hence price, must jump discontimiouslv at 
the time firm j stops producing” (FLU, p. Hif>). Such ajump in output 
is quite reasonable given the initial stale economies in extraction 
However, the ability of a single firm to cause price to jump in FLH's 
model is not consistent with the price-taking firms thev assume. You 
cannot have a finite number of firms that extract continuously, enter 
and exit discontmuously, and are price takers.' 

FLH’s conclusion that all firms act identically is also a problem m 


>1 


1 Actually, price-taking Inins would not ihouse to c-mi.hi less than ij, winch a 
slightly stlonger stalemenl than El.II make since y y I " see tins, lei -t he the set ol 
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their model. 1 To see the problems this causes, suppose that each 
firm’s reserves were just sufficient to extract q for 1 period. 1'hen 
whether we have a model with 10 firms and total reserves of 10^ or a 
model with 1,000 firms and total reserves of 1,000c/, ELH’s assump¬ 
tion forces the resource to be used up in 1 period. Surely if there are 
enough firms it becomes reasonable to have some extract initially and 
others wait and extract later. As with the price-taking assumption, this 
problem is relevant because of the initial economies of scale in extrac¬ 
tion (i.e., the nonconvexity that gives us a minimum scale, q). This 
problem is somewhat related to the previous problem, because the 
price-taking assumption is related to the identical behavior of the 
firms. In a model where firms do not behave identically, it is possible 
that many firms extract initially but only a few firms extract later on. 
The assumption of price-taking firms is not plausible in periods 
where only a few firms have any reserves left. 

The interesting complication (nonconvexity) that F.LH introduced 
into their analysis is the source of their difficulties. Assumptions that 
are reasonable in a world of convex costs simply cannot be transferred 
to a world where costs are not convex. When we introduce noncon¬ 
vexities in a model with a finite number of firms we have to allow 
discontinuous price paths, firms that do not all act alike, and firms 
that realize that their decisions can affect prices. These complications 
make the control-theory approach that ELH took much more 
difficult. Unlike the simple control-theory model, the instantaneous 
profit function and the values chosen for the control variable are not 
continuous functions of time. 

Since the goal of this paper is to show that there can be an equilib¬ 
rium in ELH’s world with more appropriate behavioral assumptions, 
it is more instructive to simplify the cost structure than it is to compli¬ 
cate the analysis. If we consider an extreme case of ELH’s cost struc¬ 
ture, then control theory is unnecessary and the essential features of 
the model become clear. In this note, as in ELH’s paper, there is a 
positive rate of extraction, q , which no extracting firm will extract less 
than (some support for this assumption appears as n. 1). The simpli¬ 
fying assumption is that marginal cost is completely inelastic for pro¬ 
duction of higher levels. Therefore a firm extracts at a rate q or not at 
all. In addition to introducing this simplifying assumption, this note 
relaxes ELH’s questionable assumptions; price is not assumed to be a 
continuous function of time, firms are not assumed to act alike or to 
be price takers. 5 Instead, we assume that each firm takes the extrac- 

' In ilicir appendix, ELH argue lhat all firms art identically Thai argument requires 
firms to be price takers but includes the sememe quoted in the previous paragraph It 
has not yet been proven that all firms act identically in ELH's model. 

5 If we did not force q, to be either zero or q we would also want to relax ELH's 
assumption that firms that are extracting ail continuously. In that case, linns that 



COMMENTS 


1 161 

tion of its competitors as given. Section II of this comment is a demon¬ 
stration that, with these modific ations, the model has a Cournol-Nash 
equilibrium. Conclusions appear in Section III. The Appendix pte- 
sents the relatively simple two-firm case. In that case the social op¬ 
timum is not a Cournot-Nash equilibrium. 

II. Equilibrium in the Modified Model 

Each firm’s problem is to choose q, and /' to 

max j ( e ft j R,q, - (Aq,)\dt, (I) 

subject to R(t) ^ 0, R(t) = -q h and q, G {0, q}. 1 his is identical to 
ELH’s equation 1 except for die constraint on q, added here to sim¬ 
plify the cost structure. 11 The symbol ('. will be used to stand lor C.{q) to 
simplify the notation. I'he symbol R, should not be thought of as price 
as a function of time, but lather as pric e as a f unction of the total level 
of extraction that will occur at time t if the given firm extiacts q,. 

Only time paths of total extraction that are monotonic decreasing 
step functions with all steps of si/.e q can possibly be equilibria in this 
model. All other time paths involve either increases in extiaction or 
decreases of 2 q or more. An increase in extraction can happen only if 
at least one firm begins ext t act in g at some time t > l) even thou gh it 
could have begun extracting a little earlier and faced the same num¬ 
ber of competitors (or fewer competitors) I Ins could not be tin equi¬ 
librium given a positive inieiesi late and a non-upv\utd-sloping de¬ 
mand curve. A decrease tn extiaction of 2 q oi moie could happen 
only if two or more fn ms simullaneouslv stop e\t i.« ting. Sue h a In m 
would be more profitable if it p< 
just after its rival stopped ex 
extracting at time t, any one 
poned some of its extractin' 
period just after I). 

Suppose the number ot In 
tonic decreasing step lunciioi. 
never skips a step (the inmibei ot m 

muc h larger than ,Y). I.et /, be the In si nine win. . . 


remain in llie mai led would mu cave ihetr c \li an ton i alt diet nntimumsh in ic.m (ion to 
exit. A tinil's exit causes output ol die u in.lining mt innbi. tits and the icton 111.11 gmal 
cost to jump up However, inoeased esii.iiuon t>\ inuiintienis dors noi make up na 
the decreased exliaclion 1>\ till* exiting tuni. so total esttaiiioii do titles and pito 
jumps up t ile increased exir.it lion In eat h mi imihriit anti die poo* : 1st* tialaiue. so 
that marginal net revenue tloes not |iitiip (l e . /’ anti ( Imdi jumii up so dial tnai gin d 
net revenue does not pimp) 

6 The subset ipt Kill used to itlenulv mtliuttii.il turns Ills twen thopped *t< smiplitt 
the notation. 
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Kir.. 1 

(fv = 0, l lt = T). If f, « / < /, |, then the present value of I lie net 
revenue received by a hi nt extracting at time l is /(/) = e ^\<jt } (iq) - 

Define E(t) — e 6l {qP[() + l)cj| — C), where /,=£/</, | (or /,, *£ I 
and t = 0). E(t) is the present value of the net revenue a new entrant 
would get at time /. Suppose that the time path of extraction is such 
that, for any t < N, E(l,) is a constant independent of i and that this 
constant is between £(()) and /(()) (i.e., suppose the s are chosen to 
arrange that). Call this constant W. It wifi be shown later (n. 7) that it is 
possible to choose I, to arrange this. 

Given any proposed time path of extraction for the firms, there are 
two types of variations that any particular firm might consider. First, 
it might consider extracting a total amount that is more or less than 
the total amount it would extract under the proposed time path. 
Second, it might consider switching the time at which it extiacts but 
having a total extraction of the level set in the proposed time path 
(i.e., if the proposed time path has firm i extract zero at time t and q at 
time s, the firm might consider extracting q at time / and zero at time 
s). We deal with this second variation first. 

Proposition: If extraction proceeds as described above, then for 
each time t a firm extracting at time / has no incentive to switc h its 
extraction to any other time. 

Proof: Both E and / are continuous and strictly decreasing func¬ 
tions of time except at times For i < N, E(t,) = W and for i = ;V, 
£(bv) ^ VV. E(t) can attain a maximum only at some lime t, so W is the 
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maximum value of the function Eu) (see fig 2). For 1 < <Y, the limn of 
/(f) as f increases to f, is E(t,). since both tunc lions desc ribe situations 
with sales of (/ + \)ij and. 111 the limit, the discount factors (e "'and 
e s, j are the same. Since E(t,) = IV. /(f) dec leases toward U and then 
jumps up. Therefore, /(f) is alw.ivs gieater than H I his means that a 
firm that was extracting at time/ vvnuV* 
most W if it switched the m 


ih 


it ui I at 


This switching would dec 1 . 

Torch i.ary: Given an im 
the number of fit ms extr.u t 
step function that nevei sf 
zero, and has discontinuin' 


I, = 


ln{^/’[(i + 1171 
e 


then the firms would have no incentive to switch the limes at "Inch 
they extract 

7 We cm now c-M.il.lish the ratlin - lami ll. n I. - an Ih- < h..sn, ,n sue I. ' ' 
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demand olive. I he cost Inn. non. and \..h«wcH mtx ,."s oumtx . lx-, we*.. ;// i. ^ ‘ 
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The next question to deal with is whether firms would want to 
extract the amount specified in the corollary. Presumably qP(q) > C, 
so firms would want to extract all their reserves. 1'he total amount of 
extraction done if firms extract as in the corollary is 

A? 

Q = X (*•-' “ ( 3 ) 

< = 1 

-,, , Mgw - - y ! <■ + 'M i 5 lor , < AT. (4) 

o 

_ _ I n[gP(Nq) - C] - In VV 


For i < N, I, .1 —l, depends on the parameters of supply and 
demand, on 1 , and on 8, but not on N or IV. Given N, VV is defined in 
the corollary as being between E( 0) and 7(0). By varying N and W, any 
level of total extraction can be achieved with extraction proceeding as 
in the corollary. 8 To see this we must consider different values of/V, 
so let superscripts on E or / denote the number of firms that initially 
extract. This allows us to rewrite equations (4) and (5) as follows: 


In rm - In m lor i < N 
6 


(!') 


In 7 v (0) - In VV 

*/V I “ *N — “—“7s- 


(5*) 


Let A/, be the value of , - t, from equation (4'). Let Q(x, y) be the 
total extraction if JV = x and VV = y. Then 


Q[* f l. 7' + ’ 1 (0)j = 2] (MH 

I -1 


Qlx, E'(0)} 



xq{ln[r(0)l - In[7f'(())]} 


( 6 ) 

(7) 


0* F 1, /* 1 ’(())] - Q[x, lf x (0)| 


xc/{AL8 - lnl/'(»)] + ln[E A (0)]} 

8 


(«) 


" t here is .1 minor complication. If the numher ol firms that were endowed with 
reserves would not be able 10 extract all ot the reserves it they all began extrat ling as ill 
the corollary, then the actual equilibrium is a corner solution: all hnns extiact until the 
level ot reserves has (alien 10 ihe point whole ihe number of firms can extract all ol the 
reserves by the path dost tilled 111 the corollary. i.c\, W will have to be small enough so 
that / v 1 ~ /.v in eq. (, r >) is large enough—ibis will require W < F'(0). After that point, 
the number of firms exit acting declines one at a lime to zero. Equation (4) still holds for 
1 smaller than the total number ot firms. 
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Equations (4') and (8) show that Q[x + ],/**'(())] = Q[x,/•/(())|. Given 
N = x, W = /*(()), we ran continuously lower W until W = /'. r (0). I his 
continuously raises Q to Q[x + 1, /* f 1 (0)J. At that point we ran 1 aise <\ 
to x + 1 and continue lowering W. As we continuously lower IV and 
raise N appropriately, Q lises continuously. Let be the number of 
firms that would extract all of the reserves it they ext rat ted initially 
and extraction proceeded as in the corollary/’ 

If N* firms begin extracting and if the number of firms extracting 
decreases by one at each time I, (there may, at any time, be many firms 
stopping and starting extraction), then a price path will be generated 
such that no firm will have an incentive to switch extraction Irom one 
point in time to another. If IV is chosen so that the total extracted 
equals the initial endowment of reserves, then no firm would have an 
incentive to vary its total extraction. 1 his is an equilibrium. 


III. Conclusion 


Simplifying ELH’s tost structure and relaxing the standard assump¬ 
tions that are not reasonable in a model with nontonve.x extinction 
cost (price-taking firms that all act alike and continuous pi ices) welds 
ait equilibrium. Relaxing these assumptions without sunplitung the 
cost structure gives us a model wheie the instantaneous profit func¬ 
tion and extraction rates ate not continuous I lus makes the model 
more complicated than either the model in tins note or the model m 
ELH's paper. However, it seems likely that the eqmlibiiuin when 
marginal cost becomes completeh inelastic is similar to an cquilibt nun 
that exists in a general model with U-shaped costs Although the 'mu 
path of prices would still he disc ontm" 
would be one difference bet" 
with U-shaped costs and tin 
model with U-shaped costs. | 
so does extraction per him I. 
net revenue does not jump. 

1 his paper has simplified 1 
their assumptions to get an equ. 
is expositionally helpful but does m i ■ 

point of this paper is that relaxing then assumptions m a wax m.u 
makes them more reasonable piodiues an rquilibnuni. 


'•'It is not nc*cc*ssaiv to spoil' the ext. anion jaw *■ , j 

fai.lv simple. For example, it no hi.i.s, xhai.st the., m- o< ■ ^ ^ |nm 

ami one iiuiiliibcm film exits u» leeuld lain "'""I" ‘ K ,|u-,i dies aie the 

has exhausted us .eserves) It .. turns c shaus, du u ies<« * • ^ ( , s , , 

only hum dial exit and all hue one ol .hem .ue .cplu.< ' , i.aus, then icscius 
Chen Che number of ent. aids ac 1 ecp.als .he numbe, ol hi ms 
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Appendix 

The Two-Firm Case 
Equilibrium Extraction 

It may be helpful to consider the simple case where there are only two (irms. 
If qP(2q) < C, then any feasible pattern of extraction where the two firms 
never extract simultaneously, but total extraction proceeds at a constant rate 
until reserves are exhausted, is an equilibrium, and those are the only equilib¬ 
ria. I f qP(2q) > C, then there are tw'o cases to consider, depending on whether 
or not ft < (7/28){ln[<7ft(7) - C] - U^[qP(2q) - C]}. 

In the case where reserves are small, all of the production patterns that ate 
equilibria in the case where qP(‘2q) < Care still equilibria. To see this, note 
that switching q units ol reserves from a period / when you have been extract¬ 
ing to a period c when your competitor is extracting increases your profits by 
Ait = e h '[qP(2q) — C] — e~ h, [qP(q) - Since P(2ij) < P(q), Air < 0 unless 
i < I. In fact the most profitable switch possible is the one wnh s = 0 and / = /„ 
= 2 Rlq. In that < ase Ait is an increasing function of ft. Therefore, by assump¬ 
tion Ait is less than it would be in the tase ft — (cy/28){ln[^/ J (^) - C] - 
\n\qP(2q) - C]}. In that case/o = {In)qP(q) - C] - \n[qP('2q) - C|}/5 so Att 
- (). Therefore, Air < 0 in this case where ft is small enough. Switching can 
only reduce prohts, so the firms would not switch; they are in equilibrium. 

In the case where reserves are large, suppose both firms extract until t\ ~ 
(Rlq) - {l»[0ft(i/) - C] - ln[</ft(2<7) - (,’]}/28. The reader should note that fi 
> 0 by the assumption that ft is large. Alter /, one linn oi the other (but not 
both) extracts until It t = (2 Rlq) - q. 1 " In that tase total extraction is 2qt\ + 
_ <i) = 2 qt\ + q[(2R/q) - 2/|] = 2ft 1 his pattern ol extraction is an 
equilibrium it no firm would switch extraction Irom a penod / when it was 
extracting to a penod c when it was not extracting. I here are two cases to 
consider: / < /1 or / * fi If / < / 1 , then the him i eceives J‘(2q) at nine/. 1 he 
present value of what it loses by switching is smallest for / = t\ — e. The switch 
is unprofitable lor \ < since the pi ice that an entiant gets then is P(2q), so 
switching just delays the teceipt without .d ice ling its sue I he most profitable 
choice lor c is therefore s - / () . 1 he other case to consider is if / 3= I,. In dial 
case the firm receives P(q) at time /. I he linn cannot sw iu h to an t that gives it 
as good a pi ice at an earlier date, and it can never get a better price. I heic- 
lore, the most profitable \ it might be able to switch to is c = /|. This liivohes 
the greatest increase in profit if / = / () — e. Therefore, ii it can be shown that 
neither switching from/| — t to nor switching Irotti l lt — ttofi is piofitable, 
then we can conclude that no switching is profitable, and we have an equilib¬ 
rium. In both cases switching inn eases piolus by Air = e hl '[qP(2q) - /.’](! 
e**) < 0. 'This can be easily shown using die fact that c hl '" — [qP(2q) 
C)/lqP(q) - C ]. 

If thete are only two firms, tfien tiieie are essentially only two cases. If 
qP(2q) < C or ft is small enough, then any feasible pattern ol exit action whetc 
the two firms never extrac t simultaneously but one or the othet film is alw.n s 
extracting until the reseives are exhausted is an.equililnium. If qP(2q) > ( 
and ft is large enough, then one equilibrium involves both linns’ extracting 
until /| (as defined above) and then any feasible pattern of extiaction whetc 


"' The values lor I„ and t, weic constructed using cq. (4) and the assumption lfi.it 
extraction exactly exhausts reserves. 
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the two firms never extract simultaneously but one or the other firm is always 
extracting until the reserves are exhausted. 

Optimal Extraction 

Society gets a total surplus of f/ — ('. h orn extr action of q units and Im — 2C 
from extraction of 2q units. Since the discount rale is positive, the optimal 
extraction path consists of extraction at a rate ol q or 2 q until reserves are 
exhausted (i.e., there is no point in having extraction ol zero followed by 
positive extraction). I fit is optimal to set q, - 2^, then it is optimal to extract at 
a rate of 2 q for all times before t 11 I hrrelore, the only possible optimum 
extraction paths involve extraction at a rate ol 2 q until l t and then extraction 
at a rate of q until reserves are exhausted at 

7 he reserves ran be exti acted 111 two ways. Either one firm exlratts until R/q 
and then the other firm extrar ts until 2 R/q {in which case t, = 0, l„ = 2R/q), or 
both firms extract until h, then one firm temporarily stops extracting until the 
other firm’s reserves are exhausted (i.e , until R/q), at which point the firm 
reenters extraction until (2Rlq) - (,. In ilns section we assume that R is so 
large that V\, — V/ - (. > (l’, — ('.)>• 1 _ In this case it will be optimal lor 

both firms to extract initially The total surplus V is given in equation (Al): 

( '1 truuq i-n 

( (V ’2 - 2C)e h 'dl + j (V, - (,)e ’"dl. (All 

This is maximized by c housing t, to be I* = (R/q) - |ln(l'i - O - ln(V’_. - V t 
— C)]/28. This completely descnbes the optimal rale ol extiaclton I Ins op¬ 
timal value of < 1 , /*, is an equilibiium il’and only it [qP(q) t]/(l’i - C) _ 
\ql’(2q) — C|/(C.> — V t - (.). In words, the optimum is an equilibrium il and 
only if the ratio of a linn’s net revenue to its conn ibution to total set 1 phis ts 
invariant with respec t to total production I his mat be ti tie tor some demand 
turves, but it is not title 111 general (although it would Ire tine il the linns 
could price discriminate peileulv) 
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11 Pnoor Consider an optimal exiiac non path wnh Y We c ould van this 

path by changing q. 10 t) and c/. 10 2 q I lt.11 me leases die pic sent value ol the mu plus bv 
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exliact 2 q al anv lime 111 dial case ti e , 11 would he piclti il’lc •" dnow die irscmice 
away). Since - V', - C -> 0 . v I on tlie opuuial path we consult led Since 1/, q 
implies that s i* t, we conclude that v - 1 implies q. a q u e , tf 7 1 



Competitive Equilibria in Exhaustible 
Resource Markets with Decreasing Costs: A 
Comment on Eswaran, Lewis, and Heaps's 
Demonstration of Nonexistence 

Gene E. Mumy 

Ohio State Unweisity 


In a recent article, Eswaran, Lewis, and Heaps (1983) (EEI1) correctly 
pointed out that many analyses of exhaustible resource markets as¬ 
sume the existence of a competitive equilibtium for the industry with¬ 
out checking to see if such an equilibrium is consistent with the behav¬ 
ior of the industry’s constituent mining firms. El.H have attempted to 
rectify this situation by analyzing the behavior of an industry’s firms 
and seeing if that behavior is consistent with the existence of a com¬ 
petitive equilibrium. ELM reach the startling conclusion that it takes 
nothing more than firms with U-shaped average cost curves, implying 
an initial range of increasing returns to scale, to eliminate the exis¬ 
tence of a competitive equilibrium. 

On its own terms, ELM’s analysis is sound and provides a needed 
corrective to a major oversight in the literature. However, given the 
dramatic nature of their conclusion, the assumptions on which EI.H’s 
analysis is based require careful scrutiny. On this score, it seems ter me 
that ELI I’s assumptions are implicitly at odds with the conditions that 
economists usually think of as characterizing competitive price-taking 
behavior. 

To show this, ELH’s analysis is summarized, in Section I, so as to 
emphasize that their results depend crucially on the assumption that 
the number of producing firms cannot be treated as a continuously 
changing variable over time. In Section II, intertemporal equilibrium 
is characterized for the case where the number of producing firms is 
treated as a continuous variable, and it is argued that this assumed 
continuity is not only convenient but actually required for consistency 
with the assumption of competitive price-taking behavior. Then, to 
further demonstrate the dependence of the nonexistence result on 
continuity assumptions, an equilibrium solution is computed for a 
specific case set in discrete time. Section III contains conclusions. 
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I. ELH’s Demonstration of Nonexistence 

The basic case dealt with In I 1 " 

number, <V, of identical fit in- 

of some resource. 1 he / 1 h In 1 

with the cost function bein', 

shaped average cost curve, d 

cost-minimizing rate of outp 

which also equals marginal 

price function, F = F((J). wlta h if , 

is characterized by p' < 0 and Imite Fpii 11 > l ’ 1 *■ ‘ 

with Q(<) = , <!,«)■ East, Kl l I assume that all jn u es and <iuanmics 

must be determined at the initial point in nine In a maiket pi.ness 

.ting, as this avoids possible problems ot 
ter stages ol industiv production. Al- 
abotu this, it is uselul to think ol the 
Jrasian tiltonm mnil With these assump¬ 
tion demonstration that a competitive 
es not exist. 


with complete forward contiai 
market power during the lat 
though ELH are not specific 
market process as being a Wa 
tions in place, ELH move to 
intertemporal equilibrium do 
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ELH state the crucial proposition that q,(t) = q(t) > 0 for all i, over 
all t in the time interval (0, T), which is the duration of industry 
production. This also means that «(/) = N for all t in the interval (0, 
T), where n(t) is the number of firms producing at time t. ELH rele¬ 
gate the proof of this proposition to the appendix and proceed with 
their demonstration, which is quite simple. They first derive the stan¬ 
dard result that each firm will choose an output trajectory, q(l ), such 
that the price net of marginal cost increases at the rate of discount; 
that is, (d/dt)[P - C'(q)] = r[P — C'(q)], where r is the discount rate. 
Now if all N firms produce the same q(t), given the static demand 
function, the only way net price can increase is for each of the firms to 
move back down the upward-sloping part of its marginal cost curve, 
arriving at q(T) = q in the terminal period, as is correctly demon¬ 
strated by ELH. But the problem for ELH is that P(T) = P(Nq), 
which is less than P( 0), the latter requiring that Q('/’) be zero. There¬ 
fore, at I = T price jumps discontinuously, meaning all firms have an 
incentive to defer some production to take advantage of the higher 
price. But this contradicts the behavior thaL causes all firms to locate q 
units of output in the same terminal period T. Ergo, equilibrium does 
not exist. This case is illustrated by the curve NN in figure 2. A 
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moment’s reflection, however, suggests that this cause of nonexis¬ 
tence would not be a problem if firms would choose to produce dur¬ 
ing different subintervals of the industry’s life and did not all choose 
the same terminal period. 1 he nonexistence result depends crucially 
on ELH’s proof that all firms have identical production prohles, and 
this, in turn, requires that the number of producing firms not vary 
over time. 

1 he essence of the ELH proof is that no firm can find it profitable 
to defer production from an earlier point in time to a later point in 
time if it is profitable for any firm to be operating at the earlier point. 
Their reasoning is that postponing production can be profitable only 
if the market price is increasing. But, given the static demand func¬ 
tion, we can have only p(l) = (dpld())()(l) > (), if ( )(t ) < 0. This, they 
argue, must imply that there are some firms at the earlier date for 
which q(t) < 0, meaning, since q(l) is continuous, that these firms aie 
moving down their marginal cost turves. Whenever this is occurring, 
however, it is profitable for all firms to be producing in that earlier 
period, so firms will never postpone production during periods when 
other firms are producing. The question, though, is, Does a continu¬ 
ous increase in P(t) require a continuous decrease in q(t) for some 
firms? 

If we agree with ELH that all films producing at a gi\en ( will be 
producing at identical output rates q(t), then ()(/) - n(l)q(l). In this 
case, Q(t) < 0 does not require firms to lie moving along continuous!) 
tilled production profiles. Rather, tl firms have fiat production 
profiles, when they are producing, (J(t) < Ocan lie generated with ii(l) 
< 0 and q(t) = 0. It is precisclv this variation in the number of 
producing firms that allows a (<mn» <" 
the market process. 

II. Competitive Equilibrium 

Imagine a situation where Im. 
the average cost-minimi/ing 1 .. 

= c\q) = m. Also suppose that \a; 

production is achieved by varying the nuiiiin.: , 

The question is, Does a price trajectory exist sui h that this situation 
can be sustained as a market equilibrium' 1 lie answer is ves 

The general form of an equilibrium puce (i.ijet tot v is [>(1) = (/M 
m)e r ‘ + m, withp(T) = - 0 and initial pi ice. />„. detei mined In 

total reserves. With q as the piodiution tate bv producing turns, this 
trajectory is generated by a decrease in the number of pioducing 
firms over time, going to zero at I = T. 1 his ts an equilibrium because 
price net of marginal cost (equals m) rises at the rate of discount. A 
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firm is always indifferent between producing q{t) = 0 or 9 (f) = q as 
long as production can be transferred between periods along this 
price trajectory, so firms have no incentive to alter their production 
profiles. There is also no incentive to extend industry life because 
price rises to choke off demand just as the industry runs out of re¬ 
serves. This equilibrium solution is shown hy curve EE in figure 2. 

ELH’s implicit objection to the equilibrium solution presented 
above is that the number of firms is obviously an integer f unction, and 
therefore it is inappropriate to treat it as a continuous variable. But if 
this is so, then a discrete change in the number of firms producing q 
must result in a discrete change in Q, and this must imply a jump 
discontinuity in the price trajectory. This means that no firm would 
have an incentive to stop producing, thus contradicting the possibility 
that the number of firms decreases, in which case we are back to 
F.LH’s nonexistence result. 

Assuming that n(t) is a continuous variable is, of course, an extraor¬ 
dinarily convenient analytical simplification. But more than that, it is 
appropriate given an analysis based on continuity in all other respects. 
Ref using to grant the assumption that n is continuous either calls into 
question the assumed competitive nature of the market or leads to the 
conclusion that the assumed continuity of some of the other functions 
must be abandoned. As for the first possibility: if n’s being discrete 
means that one firm’s stopping production causes a discontinuous 
jump in price, which influences that firm’s behavior, (hen denying 
that n can be treated as a continuous variable is tantamount to deny¬ 
ing a competitive market. Assuming n to be continuous is part of 
assuming a competitive market. As for the second possibility: if we 
want to maintain that n is discrete and that the market is competitive, 
then we need an analytical structure that does not require continuity 
for the price and quantity trajectories. Most obviously, perhaps, a 
discrete-time and discounting model suggests itself. 

The issues at hand are nicely illustrated by a market equilibrium 
solution to the following example set in discrete time. For a succession 
of market dates, with intervals of 1 period, the static demand-price 
function for a resource is given by P = 26 — (0.1)Q. There are 74 
identical mining firms (N = 74) with the same U-shaped average cost 
curve for producing and trading output on successive market dates. 
The minimum average cost is $5 (m = 5) obtained by producing 10 
units per market date (9 = 10), which also happens to be the total 
reserves of each firm. 1 'he constant I-period discount rate between 
market dates is r = 1. All prices and quantities are determined on 
market date / = 0 by a Walrasian auctioneer who attempts to find the 
price series that clears the market at / = 0 and all successive market 
dates (< = 1, 2, 3, 4, . . . ). 
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Suppose the auctioneer presents the market with the price series 
shown in the first row of table 1. In response to this price series each 
firm chooses to produce its entire reserves, iy, for a single market date 
Suppose that the number of fit ms, n, that choose to produce for eat h 
market date is as shown in the second row of table l, 1 Then the total 
quantity supplied on each date is as shown in row 1 and quantity 
demanded, obtained by consulting the demand-price luiutton, is as 
shown in row 5. What we have here, of course, is a competitive equi¬ 
librium. 

In this case, net price increases at the rate of discount until the 
industry runs out of reserves, that is, P, - m ~ ([>„ - »i)(l + r)‘ ■- 2', 
so no firm has an incentive to change the date on which it sells id 
output. There is also no incentive to extend the industry's hie bet ause 
price chokes off demand before it can use enough to cause am firm 
to defer production furthei. flits last point also illustrates how the 
discrete case captures the essera < ■ 1 
competitive market. The elim 
t = 4 is not sufficient to can 
alters any firm’s behavior. 1 > 
and the auctioneer declares ,e 

Quite obviously, the exam; 
and the equilibrium solution d< 
ter values. Indeed, it is faiilv m.t, 

parameter values lead to cases when . 

Nevertheless, this is a clear counterexample to the claim that U 
shaped average cost curves alone are sufficient to eliminate the exis¬ 
tence of competitive lntertempoial equilibria. W hen equihln turn doc s 
not exist, my suspicion is that U-shaped aveiage cost curves, in con- 


1 Given identical turns iheie is no meth.inisin to delei iimu ssliitli linns piodme "ii 
which dales. The only contention, ihen. is lh.u it the .iliRnmem shown m uUc I is 
somehow arrived at il will turn out lo lie an eijtulihinun solution 
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junction with other parameters, make it inappropriate to describe the 
intertemporal resource market as characterized by competitive, price¬ 
taking behavior. 

III. Conclusions 

A competitive equilibrium, in an exhaustible resource market, may 
not exist for several reasons. It seems unlikely, however, that U- 
shaped average cost curves, by themselves, generate nonexistence. 
When firms do have U-shaped average cost curves and a competitive 
equilibrium does exist, it is characterized by firms with Hat production 
profiles at the level of the average cost minimizing rate of output. On 
the other hand, total industry production varies over time because the 
number of producing firms also varies over time. In addition to being 
an equilibrium, this market solution also has the attractive characteris¬ 
tic that any rate of industry output is produced at minimum average 
cost. 
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Book Reviews 


The Lams of Human Relations. By Herman H. Gossen. Translated by Ki'uolph 
C. Blitz. 

Cambridge, Mass.: MIT Press, 1983. Pp. txlix+ 315. $47.50 

Herman Heinrich Gossen and Ruhaid Cannllon are surely leading conten¬ 
ders for Most Pathetic Tragedy Award in the history ol economics. Gossen 
(1810-58) wrote a treatise presenting the fundamental theory of utility, The 
Laws oj Human Relations (1854), which leceivcd absolutely no attention in the 
4 years between its appearance and his early death C.mtiilon (1085?-1734), a 
successful merchant for whom recognition of his Essay on (.ommene was a less 
important matter—or he would have published it himsell dining his 
lifetime—was killed by a discharged French took. 

Gossen is difficult even tor Gci mans to read, and the sets ices of Piofessor 
Rudolph C. Blitz in translating it are above and bevond anv call ol duty. In 
addition to presenting a clear, accurate translation, he has lightened the task 
of the reader by dividing its unbroken text into chapters with headings 
Readers need no longer feel that they are in a heavy loiexl. wheic thev mav 
encounter a wholly unexpected animal at any mome nt 

Professot Georgescu-Roegen has made the valuable contribution ol a prel¬ 
ate of monograph length aljout Gossen and the book All the meager details 
of Gossett’s life are assembled (a laige liunion consisting ot answeis to civil 
service examinations!), the thcoiv is leloi ululated and developed, and the 

many negligent treatments or ovei sights ot < 11 ' 1 ' 

sophistication often goes well bcv. 
translation should be read beloi- 
hi addition to a prescient anal 
is a protracted, often ingenious 
economics. 1 here is an extensive 
treating present owners equitubl 
a case for identical education ol 
other causes. A few femlc hints , 
modern distinction between luxunes <• 
and the marginal produc tivity theorv is tom m n upon . 
be recommended not only to those mtciested in the hi-uoiv of economic 
tiiought but also to economists. 
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The Economics and Politics of Oil Price Regulation: Federal Policy in the Post Em¬ 
bargo Era. By Joseph P. Kale. 

Cambridge, Mass.: MIT Press, 1981. Pp. 327. $45.00 (cloth); $12.50 (paper 

[1983]). 

Conditions have changed rapidly in the energy sector. At the lime this hook 
was written, world oil prices were at their peak, having risen sevenfold in real 
terms over the previous 8 years. In this context, Kalt analyzed the struggles 
within the United States to moderate and redirect the associated rent trans¬ 
fers. As of mid-1984 the picture has changed substantially. The dollar price 
of world oil has fallen 35 percent below its peak, and the prevailing expecta¬ 
tion is of stagnant or falling prices for the next decade. Gone are the oil price 
controls that are the focus of this book, with the federal Windfall Profits fax 
and various state taxes left behind to collect some of the remaining rents. The 
policy conflict has shifted to natural gas, where there is another "The Eco¬ 
nomics and Politics of . . ." waiting to be written. 

In such a circumstance, the Kalt study is like a contemporary analysis of the 
Civil War. He explains how the campaigns evolved over the years of conflict 
and attempts to assess who ultimately gained and lost. He also is concerned 
about how we got into such a costly affair in the first place. Two questions 
ought to be addressed to such a wotk: What does it contribute to our under¬ 
standing of the oil policy wars of the 1970s? And what does it teach about 
analytic methods that might be applied to similar situations in the future? 

On the first score, the Kalt book is the best single work available on the 
experience ol oil price controls in the 1974-81 period. And a tangled story it 
is. When the first oil shock occurred there was a system of oil ptice controls 
already in place—a hangover from the Nixon anti-inflation scheme of 1971. 
They were modilied and extended and used to hold down the price of domes¬ 
tic crude oil so that people downstream (oil refiners, distributors, and the 
ultimate consumers) got a lower average price of domestic-plus-importerl 
supplies. To these ciude oil price controls was added a system of "entitle¬ 
ments” to ensure that the cheap domestic crude oil (roughly 00 percent ol 
total consumption at the time) was spread evenly over the refinery sector. 

Given a political mandate to limit income transfers to producers it was an 
elegant solution. A shadow system of public finance, unique to the oil sector, 
was created—complete with taxes, transfers, and (no surprise) deadweight 
loss. In practice the system grew to mind-bending complexity as the various 
players (regions, consumers, refiners, and producers holding various classes 
of oil reset ves) fought over the goodies. The book does a good job of sorting 
out the combatants, the evolving policies, and their effects, although it is not 
always easy going because there are so many details that matter. 

Kalt uses an array of techniques—graphical, analytical, and empirical—to 
explore the economics of these schemes. Indeed, the use of a combination of 
methods and forms of presentation makes the book a valuable source of 
readings—say, lor a course on the economics of energy and natural re- 
souices. Several issues are addressed, including the effect of the price con¬ 
trols on the average acquisition cost of crude oil to U.S. refiners, the associ¬ 
ated changes in domestic supply and demand for products, and the ultimate 
distributional impact. A very contentious issue at the lime (and the one to 
which Kalt devotes the most effoit) was the question who actually benefited 
from the $15-$45 billion (depending on the year) producers were denied. In 
the mid-1970s there was a group of analysts who held that the oil price 
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controls were a fraud on the consumer: L'.S. product prices were set in world 
product markets (so (he argument went), and there was no way for controls 
on etude oil to allect pi ices at the pump. I he tents were being transferred to 
refiners in the form of increased margins. 

It is a complex issue, requiring a soiling out of the influence of vaiiotis 
control schemes (which themselves affected the degree of U S. exposuie to 
international markets) and different oil products. (The United Slates im¬ 
ported around half its residual fuel oil. but only small fractions of gasoline 
and middle distillates.) Kalt analyzes the question in ihtee separate ways. Me 
first goes through an exercise with rough estimates ol supply and demand 
elasticities, to assess the likely inter at lion ol U S. and international markets 
This is supplemented by the study of realized sales prices in the United Slates 
and overseas, as reflected in oil company accounts finally, he rallies out an 
econometric analysis of Platts data on lehned product puces to explain why 
U.S. product prices should have fallen below Ktiropcan (Rotterdam) levels 
during the years when the domestic crude contmls weie binding 1 he tesulis 
(e.g., that roughly -40 percent of the nude oil subsidy was ultimateb realized 
in product prices) are convinc ing. as aie the dueuion and general magnitude 
of the distributive consequences, compared with a hypothetical decade with¬ 
out controls. 

There is uneasiness about the economic analysis at sesc ial points, and it 
arises where assumptions about market strut tine and behavior ,11 e made with 
insufficient attention to institutional detail. I he book shows an impatience 
with possible impediments to a clean line ol microeconomic argument. For 
example, early in the analysis it is assumed iliat die L lined Slates is a puce 
taker in world crude markets, with t Rations to optimal-path cat tel models as 
justification. At their best, these models olfei msiglu into how .1 one- 01 two- 
person OPEC might operate in a wot Id when* onlv etude oil mallei ed and 
where there were no spot markets, no inventories, and no swings in expecta¬ 
tions about future volume and pi ice. In lad. U S. 111,11 kei developments have 
a significant influence on OPEC's ahilitv to c .111 \ out .1 piuo stiaiegv. and 11 
has been so throughout the pound under 1 siudv Vetv Itkelv Kali's kc v icmiIis 
would be little changed bv a mote tumpin' 
issue is not discussed, so it is dillu 

Similaily, refiners are Heated .1 
basis. There is a suggestion di > 
markup pricing reveal a ' l.ulun 
input, output, and price tleteimin 
tional, but possibly wrong in sp<, 
to try to figure om how die lesnli 
from Lhis neat neoclassical woild 


I here is an extia irigiedient in die k 
nomic ellecls of federal policies 10 Much die inlcics'-v;i'"M’ 
pressures that led to them. 1 he analysis Ionises on Ms toll call votes on ",! 
price-control issues m the Senate. f.i< li vole is 1 Ii.ii.h lei ized as pro- 01 antide¬ 
regulation, and ecoitometiic methods aie used to uv to son out die in¬ 
fluences. Senators are credited with two motives investment, wine h leads to 
support for measuies that itu lease home-stale wealth (thciehv gaining voted, 
and “consumption," which encompasses eveiythmg else—most parttcul.u Iv 
expressions of political ideology or personal conceptions of the pu via g <MU 
Home-state economic stakes include the weight of the oil mdusiiv (pm 1 m 
tion and refining) in the economy and mteiests ol the tales consumeis 
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(represented by state expenditure on ail energy). The proxy for ideology is 
the vote rating of the Americans for Democratic Action. 

Taken as insight into the Senate votes per se, the analysis is well worth 
reading and the results are plausible. Both distribution and ideology are 
shown to matter. On the other hand, even on these narrow grounds there are 
problems. A state-by-stale price index was available for all energy but not for 
the topic at hand, which is oil. As a result, the important political coalition o( 
the Northeast and northern tier states (which are heavy residential and indus¬ 
trial users of oil products) is missing from the analysis. Also, in an era when 
national political action committees can raise (and target) large campaign 
chests, the very definition of a senator’s “constituency” is more complex than 
this study can consider, and the two-way breakdown of motives is tailed into 
question. 

Taken as a general conception of the politics of oil (as Kalt apparently 
intends), it is a breathtaking simplification of the legislative and regulatory 
process. One need only ask. What is the significance of a Senate Hoor vote on 
the overall path to new legislation—including executive agency politics, ad¬ 
ministration initiatives, House-Senate disputes, and the internal machinations 
of the many relevant Congressional committees? One applauds Kali’s effoit 
for a willingness to probe this aspect: too many regulatory studies snlfer from 
an insensitivity to the political side of the picture. But a main achievement ot 
this attempt is to define clearly the limits to the amount of the action that can 
lie captured with an economist’s conc epts and econometric tools. 

That it failed to do more is but a small 1 riticism of a highly competent piece 
of policy analysis, with important implications for future attempts to regulate 
the energy sec tor. 

Henry D. Jacoby 

Massachusetts Institute of Tahnology 

The Political Economy of US. Tan/Js. An Empirical Analysis. By Reai 1’. 

I.avercnf. 

Toronto: Academic Press, 1983. Pp. 210. $24.50. 

Because tariff legislation in the United States once provided, as the famous 
phrase puts it, a “paradise for pressure groups," anti because the data and 
theoiy were available for the ready estimation of the incidence of (lie tariff, 
regression analysis ol the cross-industry variation in tariff rates was one of the 
first empirical applications of the economic theory ot economic regulation 01 
rent seeking (Lavergne tiles 24 such studies, 10 lor the United Slates alone). 
The goal of t fits book is to improve our understanding of w hy some American 
industries, in selected years since 1930, received higher rates of import pro¬ 
tection or had their protection cut by less than did others. The approach 
taken by Lavergne is to build some of the relevant institutional detail of the 
American tarif f-making processes into his cross-sectional model, a commend¬ 
able methodology in a piece of applied economic analvsis. Laveigne presents 
the results of' 11 cross-sectional regressions on 11 different dependent vari¬ 
ables—nominal and effective tariff levels in 19(>4, 1972, and 1979; changes 
fief ore these dates; measures of nontariff barriers—-using a common set of.32 
regressors; maximum sample sue is 300. He displays a strong tendency to 
interpret the results of the 11 regressions collectively, so that a regtessor and, 
more important, the theory behind its use are approved if the regressor 
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frequently turns up with a large and significant coefficient. Thus no special 
attention is given to distinguishing explanations for the fall in tariff rates 
from those for the growth of noniaiiff measures, or to explot ing connections 
between these phenomena. As much as to establish securely some detailed 
empirical results, the author wishes to advance certain kinds of explanations 
and to cast doubt on others. The lines are drawn early: “In contrast to the 
economists model, the model developed in this book assumes that the behav¬ 
ior of politicians and bureaucrats is qualitatively very distinct from that of the 
consumer in the marketplace. I he difference is that moral responsibility, as 
reflected in the application of various norms and piinciples of decision- 
making, comes to have a much more predominant role" (p. 12). Connected 
with this contrast is another, between an "equilibrium" or static approach and 
one that "does take into account the histoiical determinants of the tariff 
structure and the process of change whereby that structure changes over 
lime” (p. 46). T here is much to commend in the general aim of basing empir¬ 
ic al models securely within their institutional and historical setting. What is, 
however, disputed below is l.avergne's acceptance of die “puncipled" model 
and decisive rejection of the "economistic" model 

History is not bunk. The 1929/30 tariff was the last one passed bv Congress. 
Since 1930, Congress has retrained from specifying through legislation the 
tariff rales to he applied to ihe various imports and has delegated to the 
executive the power to negotiate tartll teducttoiis with othei commies Until 
the formation of the GAT T , negotiations were bilateral falthough the most- 
lavored-nation rule still applied). In the 1930s, the method was multilateral 
negotiations using the ptinctpal supplier approach, subject to something like 
bilateral balance of concessions The 1960s and 1970s saw flexible (ot discre¬ 
tionary) application of tanfl-cutting loimulae. 1 he whole process was 
opetated within a broad set of Titles," most expliuth laid out in the- escape 
clause hist incorporated in the htl.itetal agreement with Mexico in 1912 and 
subsequently included in CA I 1. which allowed for the growth of impoii- 
into American markets hut reserved to Amenta the tight to slow down that 
growth if an import or class ol imports caused too severe a domestic political 
difficulty. (As strange as thev ittav appeal lonunv iinnoniisis these gt-uei.n 
rules have made possible the progiessw 1 
extent not seen since the middle • 
extremely interesting that l.avti 
most important i ight-hand-sich v 
American tarifl tales for 1961, T 
clearly visible in rontempoiarv i.o 
age tariff has fallen to about mu 

This, then, leads to one ol 1 
apologies fordoing so. previous am > 
assumed that the tai ill at time Mvas a in. 

dent variables at or c lose to time i 1 n < outiasi. I avei gm■ jiomu o an mi|<• ■ • ■ 
degi ee of histoiical coiilinuilv. caplincd liv the me lusioii ol the tagge d endog 
enous and other variables 

Cornice led but more impoi taut is Uavet gne's c tun ism ol pi evious wot k as 
being founded on the "artilni.il and basic allv nuoiiecl assumption that pin 
pie behave in fundamentally the same vsav in politics as tilts do in die ni.ukei 
(p. 31) T he cronomisiie model, ceiitial to the method used bv adlieicnts to 
the 1 ullockian approach to public dunce <>t the Miglenan appio.uh to du 
economics ol politics, assetls that, whethei in public m ]>;..atc Ide, melon 
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uals attempt to maximize utility subject to constraints. It assumes the pursuit 
of self-interest by private individuals (through the ballot box, as well as cam¬ 
paign contributions, bribes, and other forms of pressure) and by politicians 
and bureaucrats; where self-interest is often but not accurately interpreted in 
strict terms of wealth. Explicitly rejecting a model in which demand for tariffs 
depends solely on pressure group activity and supply depends solely on max¬ 
imization of personal profit by privileged politicians, Lavergne wishes to in¬ 
corporate in his model the widespread perception or social expectation, 
which acts as a moral or legal constraint, that it is “the government’s duty to 
serve the general public interest" (pp. 12-13). 

Accepting, as I do, that such a perception is widespread, can we discover its 
systematic effects on public decisions such as those about tariff rates? There is 
a danger, to which Lavergne is not blind, that on discovering a significant 
regression coefficient or pattern of coeffit ients the researc her may rationalize 
the results as reflecting a moral or social consensus. For example, from 1934 
on the primary announced goal of the American reciprocal trade agreements 
program has been to expand American ex polls, with increases in American 
imports seen as a cost. Because of the largely bilateral nature of the negotia¬ 
tions, it is not unexpected to find that taiilfs in the 1960s and 1970s were 
lower on products of especial interest to exporters in countries where the 
United States had large potential markets. Lavergne’s regressions show that 
where an import was heavily sourced from Canada it has a lower tariff, and 
where heavily from Japan and (other) developing countries, a higher tariff. 
His preferred interpretation is that these results give relatively unambiguous 
support to a model based on piincipled behavior, that is, on efforts by politt- 
cians and bureaucrats to maximize social welfare (pp. 132—35) However, in 
lus conclusions (p. 187), the author admits that both the bias toward Canada 
and the presence of ghosts of 1930 could he indications that politicians re¬ 
sponded to the wishes of their voting public in an effort to secure reflection. 
It is accepted by many students of electoral processes that elections cannot lie 
guaranteed to maximize social welfare; Lavergne lends to side with those 
others who see pressure gioup politics merely as a method ot providing 
"weighted” votes, by which a rough kind of Kaldor-Scitovsky compensation 
rule is introduced into democratic electoral processes (pp. 1 1 - 20 , esp. p. 18). 
The amount of print he devotes to investigating a situation in which a politi¬ 
cian can have his cake (maximize soc ial welfare) and eat it too (secure reelec- 
tiort) lends some support to this reviewer’s belief that Lavergne thinks the 
Ametican political and bureaucratic system produces, in general, econom¬ 
ically efficient public decisions. 

These findings (strong echoes ot 1930; bias toward Canada) do not admit 
the striking inlet prelation that public behavior differs qualitatively Irorn pri¬ 
vate, in that in the first but not in the second moral responsibility dominates 
an economistic calculus. Nonprice variables such as income, age, sex, and, if 
relevant, indices (sue h as lus religion) of the moral altitudes of the detnandei 
ate included in ordinary statistical demand analysis to ensure that estimates 
are not biased. 1 o find that income is a very significant and large determinant 
of demand is not to deny that consumers economize (i.e., is not to deny the 
first law of demand); similarly, a finding of a large, significant coefficient for a 
moral variable does not indicate that politicians do not economize. The real 
test is whether they react to the relative costs of alternatives oi not. In an 
ordinary consumer market, prices are telalively easy to observe; for (he “mai- 
kets” wlieie politicians and bureaucrats operate, not so easy. We must theic- 
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fore rely on some price proxies. 'Hie share of inputs sou teed liom Canada 
could be such a proxy. 

In his rejection of the econoinistic model, Lavcigne relies mote on the lac k 
of significance of what he calls "pressure group variables" ilian on the 
significance of the variables reflecting “principled behaviour." For it is against 
the “pressure group” explanation of tariffs that his lire is mostly directed, I 
believe, and not against the claim that people In-have in die same way m 
politics as they do in the market. (It inay seem unfair for a reclewer to pic k up 
on a footnote at this point, but the one appended hv Facet gne to the woids 
quoted above from p. 12 is important, in that he there resiles fioni the claim 
of a qualitative difference by putting it merely as "one ol degiee," i.e , quan¬ 
titative.) My own reading of the empn i< al literaluie is lhat the re has been too 
great a concentration on pressure group demand lot tariffs, and too little on 
supply. It is therefore possibly understandable that Laseignes siiaw man is 
the advocate of a demand-dominated pressure group model, armed with one 


blade of the scissors. 

Included m his class of presente group vai tables is, for example, industilal 
concentration. Following Mancur Olson (I9(i5), we all realize that a htghlv 
concentrated mdusiry will sutler less than will an untoiucniiated indusiiv 
from free riding in the opeiation of a pressure group, but a casual obseiver 
ol Americ an politics would also suspect that government handouts to a liighK 
concentrated industry (e.g., one with a "dominant hi m") might evoke particu¬ 
larly vigorous public criticism, oi a government lollhack elicit public suppon 
(e.g., President Kennedy's intervention over steel prices). Siinilailv.il employ¬ 
ment is geographic all) dispeiscd. employees are unlikelv to bunt an active 
direct pressure group, and vet a politician seeking national office, oi one 
wishing to implement a set of national police goals ih.u ic-qmie die coopera¬ 
tion of the Senate, might do well not to damage the indusiiv take, loi 
example, textiles in the lbitted States Fiom a single-equation model it is 
impossible to tell whether a variable such as mdusinal eoncctuialion is all- 
around unimportant or whethei two large elleds. one on siipplv anil one on 
demand, have happened to cancel ea. Ii other mil a hiichug ol gu-ai hisic.i ic al 
interest, d true. 

Out confidence in its tiuih i'. in,! 
made by Dougan (1984), usin-j 
([H)76]; not in Lavergne's fnl • 

Dougan shows that a reduced ! 
vatiables as the industrial come 
sumption, and the elastic its ol 
gues for a positive rocllirient fi" 
levels: the larger the sh.ue, die i. 
shows that the sign of this sh.ue < ui ; 
lelalive political poweis ol the pioiecico 

nut, and the seekers of t.uiff icvenue hi nnpi s. n 

industry in (lie sample is. therelore poleuiiallv a se.ious misspelt., anon 

To illustrate the same kind of problc m in die io”ie\i o < \p ana lions o i c 
fall in tariff rates, consider the ellec. M the mi.odmiion oi Icdeial n 
taxes in 1913, which can he i.tkcn to have ieduced die tone (e. e t« 
revenue seekers) pushing i.ites ol duiv lovvau! dic-ii kvcuuc ... 

levels. Freed substantially I mm then levc.ue-.a.snig .ole. ' 

would he pushed up if they were above .eve, luc-maxi.g lev, Iv; . m e 
down if below. Ih.u is. the ellec. on .aidfs of the . . . amcmhmi I 
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varied according lo whether the balance of political power had previously 
brought forth a duty that put import demand within the elastic or within the 
inelastic segment. A linear regression model is inappropriate. 

It could well be true that pressure group variables or, more generally, the 
“economistic model'’ has been irrelevant to the levels of or changes in Ameri¬ 
can tariffs since 1930. Nonetheless, Lavergne’s book does not securely estab¬ 
lish this. What it does do, and do well, is to draw on the political, historical, 
and institutional context for a cross-sectional tariff model. 

Jonathan J. Pincus 

Monash University 
Australian National University 
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